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( j EN K R A L 1 N TKO \) VCY 1 ON 


American Chemical Society Series of 
Scientific and Technologic Monographs 

arran.i;cnK‘nt with the Inlerallicd C^^nfeRMUT of Wnc and Applied 
( hcniistry, which met in London and Brussels ’'in July, 190), the 
American C hemical Society was to undertake the production and jnih- 
lication of Scientilic and Technolo^^ic AIono^n*aphs on chemical subjects. 
At the same time it was agreed that the National Research Council, 
in cofiperation with tlic American Chemical Society and the American 
l’hv>ical Society, should undertake the production and pul)hcation of 
Critical 'I'ahles of Chemical and Idiysical C'onstants. d'he American 
C’liemical Society and the National Research Coui^lmI nititually agree<l 
to care for these two fields of chemical dcvelojiment. The American 
Chemical Society named as 'frustces, to make the nece-Hsary arrange- 
ments for tlie imhlication of the monographs, (‘harles L. Parsons, 
Secretary of the American C hemical Society, Washington, 1 ). C'. ; John 
L. 'feeple, Treasurer of the American C'hemical Society, New York 
City; and Professor Gellert Alleman of Swarthmorc College. The 
'rrustees have arranged for the publication of the American (dicmical 
Society series of (a) vScicntific and (h) Technologic Monogra[)hs by 
the Chemical Catalog Company of New York Caty. 

d'he Council, acting through the Committee wn , National Policy of 
the American Chemical Society, apixiinted the edij^s, named at the 
close of this introduction, to have charge of securiifg authors, and of 
considering critically the manuscripts prei)ared. The editors of each 
series will endeavor to select topics which arc of current interest and 
authors who are recognized as authorities in their resixjctive fields. The 
list of monographs thus far secured appears in the publisher's own 
announcement elsewhere in this volume. 

The development of knowledge in all branches of science, and esjie- 
cially in chemistry, has been so rapid during the last fifty years and 
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4 GENERAL INTRODUCTION 

the fteMs.Wvered liy ttiis development have been so varied that it is 
diflicult for any individual to keep in touch with the progress iii 
branches of science outside his own specialty. In spite of the facilities 
for the e.sainination of the literature given by Chemical Abstracts aii<l 
such compendia as I'.eilstein's Jlaiidbuch der Organischen Cheinic, 
Richter’s Le.xikon, Ostwald’s Lehrbuch der Allgemeinen Cheinie, 
Abegg’s and Cmelin-Kraiit’s Handbuch dcr Anorganischen Cheniie an<l 
the I'nglish and French Dictionaries of Chemistry, it often takes a 
great deal of time to coordinate the knowledge available upon a singk' 
toiiic Consequently when men who have sixnt years in the study of 
important .subjects are willing to cobnlinate their knowledge and present 
it in concise, readtilile form, they iK-rform a service of the highest value 
to their fellow chemists. 

]t was with a clear recoj^uition of the usefulness of reviews of thi> 
character that a (Aimmittee of the American Chemical Society recoin- 
mended the publication of the two series of monographs under the 
auspices of the vSociety. 

Two rather distinct puriioses are to he served by these monographs. 
Tlie lir.A ’purpose, whose fultillment will probably render to chemists 
in general the most important service, is to present the knowledge 
available upon the chosen topic in a readable form, intelligible to those 
whose activities may be along a wholly difTcrent line. Many chemists 
fail to realize how clo.sely their investigations may be connected with 
other work which on the surface api>ears far aiield from their own. 
'Ihesc monographs will cnalile such men to form closer contact with 
the work of chemists in other lines of re.scarch. The second purpose b 
to iiromote research in the branch of science covered by the monograph, 
by furnishing a well digested survey of the progress already made in 
that field and by jKiinting out directions in which investigation nee<b 
to be e.xtended. To facilitate the attainment of this purpose, it is 
intended to include e.xtendcd references to the literature, which will 
enable anyone interested to follow up the suliject in more detail. li 
the literature is so voluminous that a complete bibliography is imprai - 
ticable, a critical selection will be made of those palmers which are most 

imix)rtant. . 

The publication of these books marks a distinct departure in the 
policy of the American Chemical Society inasmuch as it is a serioub 
attempt to found an American chemical literature without primary 
regard to commercial considerations. The success of the venture will 
depend in large part upon the measure of cooperation vvhich can be 
secured in the preixiration of books dealing adequately with topics uf 
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general interest; it is earnestly hoped, therefore, that every inenther of 
the various organizations in tlie chemical and allied industries will 
recognize the inijx)rtance of the enterprise and take sulVicient interest 
to justify it. 
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W'li i.iAM Hoskins, 

\\ A. Lidhury, 

Arthur D. Lrni.i:, 

(\ L. Ineese, 

(A 1\ foWNsl'Nl). 



American Chemical Society 

MONOGRAPH SERIES 

Other monographs in the series of which this book is a part now 
ready or in process of being printed or written. 

Organic Compounds oj Mercury. 

By Frank C. Whitmore. 397 pages. Price $4.50. 

Industrial Hydrogen. 

By Hugh S. Taylor. 210 pages. Price $3.50. 

The Chemistry oj Enzyme Actions. 

By K. George Falk. 140 pages. Price $2.50. 

The Vitamins. 

By H. C. Sherman and S. L. Smith. 273 pages. Price $4.00. 
The Chemical Ejjects oj Alpha Particles and Electrons. 

By Samuel C. Lind. 180 pages. Price $3.00. 

Zirconium and Its Compounds. 

By F. P. Venable. Price $2.50. 

The Properties oj Electrically Conducting Systems. 

By Charles A. Kraus. 415 pages. Price $4.50. 

The Origin oj Spectra. 

By Paul D. Foote and F. L. Moliler. Price $4.50. 

Carotinoids and Related Pigments. 

By Leroy S. Palmer. Price $4.50. 

The Amdysis oj Rubber. 

By John B. Tuttle. 155 page.s. Price $2.50. 

Glue and Gelatin. 

By Jerome Alexander. 236 pages. Price $3.00. 

Thyroxin. By E. C. Kendall. 

The Properties oj Silica and the Silicates. By Robert B. So.sman. 
Coal Carbonization. By Horace C. Porter. 

The Corrosion oj Alloys. By C. G. Fink. 

Piezo-Chemistry. By L. H. Adams. 

Cyanamide. By Joseph M. Braham. 

Liquid Ammonia as a Solvent. By E. C. Franklin. 

Wood Distillation. By L. F. Hawley. 

Solubility. By Joel H. Hildebrand. 

Organic Arsenical Compoimds. By George W. Raizis.< and Josepli 
Ij. Gavron. 

Valence, and the Structure oj Atoms and Molecules. By Gil- 
bert N. Lewis. 

Shale Oil. By Ralph H. McKee. 

Aluminothermic Reduction oj Metals. By B. D. Saklatwalla. 
Absorptive Carbon. By N. K. Chaney. 

Refining Petroleum, By George A. Burrell, et al. 

Extraction oj Gasoline jrom Natural Gas. By George A. Burrell. 
The Animal as a Converter, By H. P. Armsby and C. Robert 
Moulton. 

Chemistry oj Cellulose. By Harold Hibbert. 

The Properties oj Metallic Substances. By Charles A. Kraus. 
The Structure oj Crystals. By Ralph W. G. Wyckoff. 

Physical and Chemical Properties oj Glass. By George W. 
Morey. 

Photosynthesis. By H. A. Spoehr. 

Colloid Chemistry. By The Svedberg. 

Chemistry oj the Treatment oj Water and Scuxige. By A. M. 
Buswell. 

The Chemistry oj Wheat Flour. 

By C. H. Bailey. 

The CHEMICAL CATALOG COMPANY, Inc. 

19 EAST 24th STREET, NEW YORK, U. S. A. 



PREFACE 


The chemistry of leather manufacture is pn\i;ressiui^" more rapidly 
now than at any previous time. Much of the earlier work failed to 
recognize the existence of imix)rtaut variahle factors and has hwn 
rendered obsolete by recent investigations carried out under more 
highly refined conditions. In preparing this monograph, it was foinul 
necessary, for the purpose of correlating existing data, to conduct many 
six’cial investigations and these are being reixjrted here for the first 
time. Advance information on investigations under way in other 
laboratories has been obtained, wherever pissible, so that the iiresenta- 
tion might be made reasonably complete to the close of tlie year 

'fhe literature [)ertaining to leather manufacture is so vast and the 
views expressed so numerous and divergent as to make an impersonal 
compilation of all published paiKU's encyclopedic in size, bewildering to 
the average reader, and an undertaking of (|uestionable value. In tiidei 
to fulfill the first purixise of this series of monographs, namely, to 
present the knowledge available in a readable form, intelligible to those 
whose activities may be along a wholly ditlerent line, the author has 
felt comixdled to present the subject from his own viewpoint, making 
no attempt to discuss views which, in his opinion, fail to contribute 
anything to the development of leather chemistry. In so doing^ the 
author is fully aware that there arc others who do not shtare his opinions 
of the relative merits of various views, but he can only admit his 
inability to present adeijuately views which apix'ar to him unsound. 
Ihit, in a field so vast, there is ample room for as many volumes as there 
may be sides to the question worthy of presentation and it is in the 
preparation of additional volumes that criticism of this attitude m<iy 
find its best expression. 

A considerable amount of space has been devoted to the histology 
of skin and to the physical chemistry of the iiroteins because of their 
fundamental bearing on the chemistry of leather manufacture. Descrip- 
tions of analytic methods and practical details of leather manufacture 
liave been given only where they seemed necessary to make the subject 
clearer to chemists unfamiliar with tannery routine. 

Many of the ideas presented in this book were gained during a 
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period of intimate association with Professor H. R. Procter, of tlie 
University of Leeds, England, who is affectionately known throiigJiout 
the world as the “father of leather chemistry” and whose books on 
leather manufacture have been the standard for the past thirty-Hv, 

the preparation of sections and photomicrographs, valuable assist- 
ance was rendered by Mr. Guido Daub, whose pawstakwg efforts ave 
largely resrwnsible for the success of this phase of the work the 
sections and specimens of human skin were procured from 1 rofessor 
T. II. Past, of the University of Wisconsin. Professor Artluii W 
Thomas, of Columbia University, .supplied the skins of guinea pigs and 
alliino rats fixed in Ifriicki’s Iluid. Leatliers from the hides of the 
hippomtamus, walrus, and camel were furnislied by Professor Douglas 
McCandlish, of the University of Leeds. Most of the remaining .siieci- 
mens were provided l.y the firm of A. F. Gallun & Sons Company, in 
whose laboratories the work was done, d'he interesting pliotographs 
illustrating the drying of gelatin blocks were furnished by Dr. S. !•.. 
Sliepiiard, of the liastman Kodak Company. 

Grateful acknowledgment is made of the generous criticisms and 
suggestions given by Mrs. Marion Hines Loeb, of tbe University of 
Chicago, on the general histology of skin; by Dr. Jaciues Loeb, of the 
Rockefeller Institute, on the physical chemistry of the proteins; ’> 
Professor A. W. Thomas, Mr. Frank L. Seyinour-Jones, and Miss 
Margaret W. Kelly, of C:olumbia University, on many important points 

throughout the book. , r < • n 

The author is most deeply indebted to tbe late Arthur II. (.alluii, 

whose devotion to tbe cause of leather chemistry has iiiaile available a 

large iwrtion of the data presented in this book. 

J. A. W. 

Milwaukee, Wisconsin, 

March 12, 1923. 
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THE CHEMISTRY OF LEATHER 
MANUFACTURE 


Chapter i. 

Introduction. 

l.eatlier clK'nii.^^try is one of tlu* most fasrinalin^ hramlu's of io<liis- 
trlal chemistry and also one of tlu* most Complex, tli'alinL;, as it does, 
with reactions hetween those poorly dt'lined i*ronps of snhstances, 
usually colloidal, whose composiiitMis are still matters for speculation. 
The raw skin is composed lari^cly of various kinds of protein matter 
and is complicated hy a structure which varies consider.ahly in differ- 
ent animals and even in different parts (»f the .same skin. Caniversion 
into leather involves the removal of some of tht'se proteins hy the 
action of alkalies, enzymes, or bacteria, and the interaction of the re- 
mainder with tanning materials, <»ils, soaps, emulsions, mordants, dye- 
stulTs, gums, resins, and other complex materials. During these 
reactions the structure of the skin must he carefully preserved, or 
im])roved, and highly develo[K*d technic is re(|uired to impart to the 
resulting leather certain necessary, hut almost indefinable, properties, 
many of which it is an art even to appreciate fully. When one con- 
siders the vast amount of energy expended hy organic chemiNts upon 
the materials involved in making leather and the uncertainty of our 
knowledge concerning the individual substances, the complexity of the 
whole problem becomes more api>arent. 

Leather manufacture as an art probably antedates chemi.stry as a 
science. Well preserved specimens of leather from ancient h.gypt hear 
testimony to the high state of development of the art over three thou- 
sand years ago. Its origin presumably dates hack to the time when 
man hr.st began to kill animals for food, d'he skins, not being palatable, 
were very likely discarded at first, but the value of drie(l .skins for 
ckjthing, or protective covering, could hardly remain long undi.scovered. 
Dried skins are hard and stiff, but would become considerably softer 
and more pliable after being bent and worked during use, and it 
was probably noticed very early that this softening action is more 
pronounced if the skins are worked while being dried, esjxjcially in 
the presence of fats, such as would naturally cling to the skins of 
animals crudely flayed. In rainy seasons, when the skins could not 
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be dried rapidly, putrefaction of the epidermal cells would cause the 
hair to slip and reveal the advantages of unhaired skins for certain 
purposes. The tanning and coloring actions of leaves, barks, and 
woods were probably also accidental discoveries of a prehistoric age. 
In fact, many of the tannery operations in use today are of ancient 
origin. 

Secrecy and lack of accurate records make it difficult to follow the 
evolution of the art, especially in the matter of details essential to the 
])roduction of the liner (jualities of leather. Ihit developments have not 
all been made by rule-of-thumb methods, as has often been supposed. 
The great success of a certain class of tanners, for example, has l)een 
due to the development of a science of leather manufacture, as distinct 
from the art, based upon a belief in the constancy of natural laws 
and involving the organization and classification of countless facts 
gained by experience or handed down from previous generations. This 
science, l>ecause of its high degree of specialization, has proved more 
jiowerful in a practical way than chemistry, so much so that chemistry 
must still he regarded as of value primarily in supplementing and not 
replacing the science of the tanner. 

Disillusionment has been common among chemists entering this 
industry, as the result of the unexpected intricacy of the ai)plication 
of chemistry to leather manufacture, of insufficient training, of false 
notions of superiority over artisans who had devoted their lives to 
the industry, or of failure to appreciate that the tanner’s own science 
is usually far more reliable than the chemistry of a beginner in the 
industry. 

In order to make substantial progress, the chemist must, as a rule, 
devote himself completely to a study and explanation of the mechanism 
of each step of a process already in successful operation and without 
in any way interfering with the operation of that process. Once avail- 
able, sound explanations of the mechanism of existing processes are 
of incalculable value in suggesting practical exj^eriments leading to the 
elimination of unnecessary operations and to the improvement and 
development of others. 

That this procedure has not been more widely adopted is easily 
explained. Long and costly studies are required for which there is no 
immediate return, and whether there will ever be a return commensurate 
with the cost of the studies must depend upon the skill of the chemist, 
which it is difficult for the tanner to judge. Moreover, the qualifi- 
cations required of the chemist are extremely severe. He must have a 
broad, theoretical training, marked ability to advance the pure science, 
great skill in adapting delicate apparatus to crude, tannery conditions, 
and power to appreciate the viewpoint of a successful tanner. Previous 
contact with the industry, on the other hand, is not essential. 

That close cooperation between the university and the industry 
would be highly profitable to both cannot be denied, but there is little 
chance of such coot^eration being brought about until each acquires a 
better understanding of the needs and potentialities of the other. The 
stumbling block has been either the failure to appreciate the value 
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of co()|)cration or tlic disinclination of one or the other in take the 
initiative. 

The university can derive at least three inijK)rlanl lines (»f ad- 
vantage from cod]>eration with the iiulustry, llu' most obvious of 
which is much needed financial support. Hut tlic laws of the con- 
servation of mass and energy hold in industry, as in evcrvthing else. 
1'hc university cannot continue to receive from the industry with 
out returning a like amount, although this may he of a dilTercnt kind, 
'file university has vast resources of potential wealth, hut it sulTers 
from having too little in li(|uid form. Hut industry constitutes a 
means of converting one form of wealth into another, 'fhe university 
can he assured a continuous financial support from the industry, hut 
only hy sujiplying the industry with the means of producing this wealth. 

Another advantage to he gained hy the university is the view- 
point of the indu.stry, which is necessary for the universitv to prepare 
its potential wealth .so that it may he assimilated hy the industrv. This 
viewpoint will also help the university to train its students io make 
a greater success in industry, 'fhe third advantage lies in the fact 
that the industry olTers a field of employment for the students (*f 
the university. The industry is always in need of men properly 
trained from its own viewjxiint. Hut, too often, the training whicli 
men receive at the university docs not Cijuip them with a pow(‘r 
of service to the industry that is in demand at all tinu‘s. 'flirougli 
closer cooperation a system of training could he devised that would 
guarantee the oj){)orlunities of industry to men with initiative and 
amhition, 

'fhe .source of wealth that coo|K‘ration olTers to the industry con- 
sists oi fundamental data and of men trained to apply these data 
to |)ractical production. '\ he possibilities for increasing elliciencv in 
the industry are almost unlimited and so are the profits to he 
derived hy both the university and the industry from intelligent 
cooperation, 

C hemi.sts within the industry have always been handicapped hy lack 
of fundamental information. Many of the physical properties that 
determine the value of leather are determined hy its microscopic 
structure, hut very few tanneries have found themsoives in a ])osition 
to develop the means for studying the histology and chemical constitu- 
ents of skin and the structure of leathers made under different condi- 
tions. Such studies are expensive and time consuming and their devel- 
opment in each individual tannery would he very extravagant. The? 
industry could well afford to finance a laboratory to he devoted .solely 
to such .studies, which would probably cover a jK*riod of many years. 
That a good start has been made will he evident from a iKTUsal of the 
next chapter. 

The physical chemistry of the proteins is a subject of fundamental 
importance to leather chemistry, hut, since it is also of fundamental 
importance to many other branches of chemistry, it should he jxis- 
sible for some good university laboratory to establish a great .scheme 
for co-operative work in this field, drawing financial support from 
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iiiany different fields. A university research laboratory is also an 
ideal place in which to study both the physical and organic chemistry 
n../ I natural tannins. Physical chemistry offers 

much the bet er prospects for immediate application to manufacturine 
practice, but Ixith should be developed simultaneously. 

there IS hardly any fundamental work in leather chemistry that 
U'l'versity laboratory, but, in order to^com- 
mand the financial supiiort of the industry, it must be done in such 
a way as to make ,t directly serviceable to the industry. Appreciating 
the inertia that must fie overcome lie fore any great research movc^ 

it practically self-support- 
g, tie late Arthur II. Gallun, with remarkable foresight and lofti- 
•hnn ” t established a research in tlie fundamentals of leather 

hemi.stry, under the direction of Profcs.sor A. W. Thomas of 
Columbia University, with the proviso that all results be S’she, 
reely for the benefit of the imlustry as a whole. Thf resiiL’ olltai L 

! one’^' ^ ’tl favorably with all previous work 

lone on the mechanism of chrome aiul vegetable tanniinr if ,,, ii 
be evKlent from the description of this worMflbr ^ " 

tiat It must ultimately prove of great practical value and it is difficult 

tbne'^^ It'^ can fail to gain the support of the entire industry in due 
time. It IS worthy of special mention here as a ilemonstratkin o a 

.miler'sit/S'liirhKlX''’'’"'*' 

iisi V L';r,'"r““ ”<•”>1.. »...*« 



Chapter 2. 

Histology of Skin. 

Since animal skin is the basis of leatlier, tlie importance of its 
histology to the science of leather nianufacturc is api)arcnt. Never- 
tlieless scientific advancement, especially in regard to the preparation 
of skin for tanning, has been retarded by an insiiflicient knowledge of 
the histology of the skins of animals used in making leather. This 
has been due less, perhaps, to lack of appreciation of the value of 
histology than to the high degree of refinement of equipment and 
technic required for its study. 

]\ruch of the complexity of the structure of the skin is due to the 
manifold purposes it serves. As a means of protection for the under- 
lying organs, it is so constructed as to act as a bulTer against shocks 
or blows, while not interfering with the operation of any organs. 
It is an organ of sense, equipix?d with nerves sensitive to touch, jiain, 
heat and cold, and, as an organ of .secretion and excretion, it is supjdied 
with glands, ducts, muscles, and blood vessels. It serves also as a 
regulator of the body tcm[)erature, which it controls by regulating the 
e\a|K)ration of water from its surface and the secretion of oil to cover 
the surface in order to prevent too great a loss of heat. 

1 he degree to which each c«)nstituent i)art of the skin is developed 
<lepcnds upon the extent to which it is needed by the body and also 
upon the amount of available nourishment. The structure of a single 
skin varies considerably in dilTerent regions of the body. Nerve 
pai)ilke, for example, arc very numerous in regions where the .sense 
of touch is most needed, as in the finger tips, and widely scattered 
m other regions. 1 he skin structure is developed to meet sudden 
jhanges of temperature to the greatest extent in the regions of the 
h<Hly most expo.sed to such changes and to resist friction and blows 
where these arc most frequent. In fact, the .skin tends to develop a 
structure at each ixiint designed to l)c of greatest service to the 
body at that point. This results in a large number of tyi)es of skin 
j'tructure that must 1^ studied, dej)ending upon the sj)ecics of animal, 
he general nature of its feeding, the climatic conditions under which 
It lived, and the region of the body from which the specimen is taken. 

I ^ number of possible types appears formidable, but tanners have 
learned from experience how to classify them in a general way accord- 
ing to the properties of the leather they yield. It seems reasonable 
to believe that histologists may be able to develop a similar classifica- 
lon, based upon histology, that will prove extremely valuable in supple- 
menting the tanners’ information. 
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Because of the large number of highly trained investigators in the 
medical sciences, considerable progress has been made in the histology 
of human skin. This work is invaluable as a guide to the student of 
the histology of the skins of lower animals because most skins [)ossess 
a common basic structure. But the several types, of skin exhibit such 
marked dilTerences in details of structure of vital importance in leather 
manufacture that a knowledge of the histology of a few specimens 
of human skin alone might actually he misleading. In order to apply 
histf)logy intelligently to leather manufacture, separate stucfies must 
be made of the structure of each type encountered. 

Although much yet remains to be learned of the histology of skins 
used for leather manufacture, substantial progress has been made, 
the most notable work being that of Alfred Seymour-Jones.^ Sys- 
tematic studies have also been under way in the author’s laboratories, 
for several years, dealing with the structure of the skins of different 
animals and the changes which they undergo during the conversion 
of the skin into leather. In this book much of this work is presented 
for the first time. 

Preparation of Sections and Photomicrographs for Study. 

Since much of the information given in this chaj)tcr was obtained 
by direct observation of sections prepared in the autlior’s laboratories, 
a description of the methods employed will probably assist in making 
the presentation clearer, particularly so in view of the fact that work 
of this kind appears not to have been general in tannery lal)oratories. 
The description, however, will he limited to the metho(ls used in the 
])roduction only of the photomicrograi)hs ai)pearing in this book. The 
subjects of microscopy, microtomy, and jdiotomicrography are too 
vast in scope for adecpiate treatment here and the reader desiring 
to pursue these subjects further is referred to the several excellent 
works available, such as those of Gage “ and Lee.*'' 

Sampling.^ In studying the entire skin of an animal, strips of about 
0.5x2 inches were cut from dilTerent parts of the skin so as to 
show, not only the general structure, but also its variation throughout 
the skin. C^ire was taken, in cutting the strips, so that the later section- 
ing could he done in definite planes, as, for example, that including 
a hair follicle and erector pili muscle. It was found imjiortant that 
the plane selected he uniform for any given series of sections show- 
ing changes taking place during the passage of a skin through the 
tannery processes. 

Fixing. — After a tissue dies, the structure undergoes a gradual 
change unless it is immediately fixed. According to Lee, the word 
fi.ving implies two things: “first, the rapid killing of the element, 
so that it may not have time to change the form it had during life, 
but is fixed in death in the attitude it normally had during life; and 

1 Physiology of the Skin. Alfred Seymour-Jones. /. Soc. Leather Trades* Chem 
serially 1917*31. 

* The Microsca|>e. ^ S. U. Gage. Comstock Publishing Co., Ithaca, N. Y. 

• The Microtoinist’s Vade-Mecum. A. B. Lee. P. Blakiston’s Son & Co., Philadel- 
phia, Pa. 
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Eiccoiid, the hardening of it to such a decree as may cnahle it to 
resist without further cliange of form the action of the reagents with 
which it may subsequently he treated. IViihoiit good fixation it is 
impossible to get good stains or good sections, (H‘ preparations good 
f;i any toay.” 

"i'he photomicrographs shown in this lK)ok are from sections fixed 
either in Erlicki's fluid or in alcohol. Numerous other fixing agents 
were tried, but they did not answer so well for tlie specific pur|)oses 
in view. Krlicki’s fluid is made simply by dissolving 25 grams of 
potassium dichromate and 10 grams of copper sulfate in a liter of 
water. Idie strips of fresh skin were placed directly into this solu- 
tion without previous washing. They were transferred to fresh solu- 
jtions daily for the first 3 days and then kept in the last hath until 
the solution had thoroughly penetrated them. 'J'he period of contact 
was usually from 5 to 7 days, after which they were washed in running 
tap water for about 20 hours and then dehydrated with alcohol. 

'fhe skins of the sheep, cow, calf, and guinea jiig, whose sections 
are shown in this hook, were fixed immediately after the animals were 
killed. Their sections may, therefore, he regarded as showing the 
jiornial structure of the living skin. The other sections exhiliit 
.structures of skins as the tanner usually receives them. 

A duplicate .series of strips of fresh skin was fixed in dilute alcohol, 
in each case, for comparison with tho.se fixed in lu*licki's fluid. Sec- 
[tions from the Erlicki fixer generally .showed various details more 
Isharply than those from alcohol alone. .All specimens of skin from 
the unhairing and bating processes were fixed in alcohol in order to 
avoid possible complications due t(» tlie reacti«>ns of the h'rlicki fixer 
with the tannery liquors. Samples of air-dry leather were not fixed, 
blit were imbedded in parafiine either directly or after soaking in santal- 
wood oil and then in molten paraffine. 

Dehydrating and Imbedding. — All specimens of skin, after fixing, 
were kept for the .stated lengths of time in the following baths; 

1 day 50 ])er cent alcohol 

it a (( << it 

** “ absolute alcohol 

“ “ frc.sh absolute alcohol 

Yz “ alcohol-xylene 
‘‘ carbol-xylene 
“ “ xylene 
“ ** fresh xylene 
“ “ molten paraffine. 

dhe mixture of alcohol and xylene consisted of equal volumes of the 
two. The carbol-xylene is known as a clearing agent and lias for its 
object the removal of alcohol from the specimen; it is prepared by 
mixing 25 cubic centimeters of melted phenol with 75 cubic centimeters 
of xylene. Very thick specimens had to lie left in the molten paraffine 
for a much longer time, the object of this bath lieing to replace the 
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xylene by paraffine. Tlie strips from the paraffine bath were su- 
pended in aluminum beakers, having a capacity of loo cubic centi 
meters, and covered with molten paraffine. The beakers were tlun 
|)lunged into cold water and kept there until the paraffine had com 
pleteiy solidified. The beakers were then heated just sufficiently to 
loosen the paraffine blocks, which were jmlled out and cut into tlu; 
proper size and shape for placing in the microtome. 

Sectioning. — Really good work in preparing sections is possible 
only when the microtome knife is free from nicks and extremely sharj), 
the sharper the better. The thickness to which it is desirable to ctn 
the sections depends upon the particular part of the skin to be studied. 
For a general picture of the whole skin, a thickness of 20 microns i^ 
satisfactory. 

In the sections of skin taken from the unhairing processes, it will 
be noticed that there would be nothing to hold the loose epidermis 
and hair in place, if these were not securely fastened to the slide in 
some way. In order to prevent the loss of imixirtant material from 
the sections, the entire paraffine ribbons from the microtome were 
fastened to the slides by means of Mayer’s albumen fixative. Thi^ 
is made by mixing equal parts of glycerin and well-beaten white 01 
egg, adding 2 per cent of sodium salicylate, and filtering. A tiny 
drop of this fixative was spread evenly over the middle of a slidi 
with the finger and was then covered with water. A ri 1 )bon, con 
taining a section of skin, was then floated onto the water, which wa> 
heated over an alcohol lamp carefully so as not to melt the ])ararfiiu‘ 
This causes the ribbon to spread out flat and it was then worked 
into place and smoothed out with a camel's-hair brush. Slides prepared 
in this way were left to dry for at least one day, the section- 
meanwhile becoming securely fastened. They were then freed from 
paraffine by flooding the slides with xylene, after which they wen 
washed with absolute alcohol in preparation for staining. 

Staining. — Six stains were used in pre^^aring the sections shown in 
this book, with the exception of those of the human heel and scalj) 
These two sections were prepared in Professor Bast’s laboratory and 
were stained with Delafield’s hematoxylin and eosin. Where an 
aqueous stain was to be employed, the section was soaked, for sev- 
eral minutes, successively in the following strengths of alcohol : 95 per 
cent, 75 per cent, 50 per cent, 25 per cent, and then in water. After 
the staining, it was worked up through the series of solutions of alco 
hoi in the reverse order, finally being rinsed with absolute alcohol 
The ^ix stains used were prepared as follows: 

(i) Van Heurck’s logwood: 6 grams of powdered logwood ex- 
tract and 18 grams of alum were ground together in a mortar and 300 
cubic centimeters of water added slowly. The mixture was then filtered 
and 20 cubic centimeters of alcohol were added to the filtrate. The 
solution was kept exposed to air for several weeks, water being added 
to replace that lost by evaporation. The sections were kept in thi> 
stain for 3 minutes, rinsed in tap water until they turned blue, and 
then passed through the series of alcoholic solutions of increasing 
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strcngtli. Sections were transferred from the 95i)er cent alcohol 
to the picro-indigo-carmine solution, where this was used for counter- 
staining. But where the counterstaining was done with bismarck brown, 
the sections were transferred from the 9Si>er cent alcohol to a o.t-iK‘r 
cent solution of HCl in absolute alcohol, where they were kept until 
they turned pink and no more color was seen to vyash away, after 
which they were rinsed with fresh alcohol and put into the bismarck 
hrown stain. 

(2) I'riedlander’s logwood: 2 grams of powdered logwood ex- 
tract dissolved in kx) cubic centimeters of alcohol were mixed with 2 
grams of alum dissolved in 100 cubic centimeters of water and i(X) cubic 
centimeters of glycerin. This was used like Van Ileurck’s stain. 

(3) Picro-indigo-carmine: To 100 cubic centimeters of (>(>per 
cent alcohol was added i.o cubic centimeter of absolute alcohol sat- 
urated with picric acid. This solution was then saturated with indigo 
carmine and allowed to stand with an excess of indigo carmine, with 
occasional shaking, for several weeks. The decanted solution was used. 
Sections were kept in this stain from 3 to 4 hours. 

(4) Picro-red: 5 cubic centimeters of absolute alcohol saturated 
with picric acid were added to 55 cubic centimeters of c^o-per cent 
ale'ohol saturated with the dye Ix^ather Red-X. This solution was 
diluted with alcohol to 10 times its volume before using. Sections re- 
mained in this stain for 2 minutes. 

(5) Weigert’s resorcin-fuchsin : 2 grams of basic fuchsin and 4 
grams of resorcin in 200 cubic centimeters of water were l)oiled for 
10 minutes, 25 cubic centimeters of a 30-i)er cent solution of ferric 
chloride were then added and the boiling was continued for 5 minutes. 
I hen a saturated solution of ferric chloride was added until all of 
the color was precipitated. The mixture was allowed to stand over 
night to cool and settle and the supernatant liquor was decanted ofT 
and discarded. The residue was dissolved in 200 cubic centimeters of 
boiling 95-per cent alcohol and the hot solution was filtered into a 
bottle. After it had cooled, 5 cubic centimeters of concentrated IICI 
were added. For staining, this solution was diluted with an equal 
volume of alcohol and sections were left in it from 60 to 90 minutes, 
alter which they were rinsed with alcohol. 

(6) Daub’s bismarck brown: To 95 cubic centimeters of absolute 
alcohol were added 5 cubic centimeters of saturated lime water and 
tlien more bismarck brown than would dissolve and the whole was 
shaken and allowed to settle, the solution being decanted off after 
standing for several days. Fifteen cubic centimeters of alcohol were 
added to the solution to replace any lost by evaporation, which would 
otherwise cause a precipitation of some of the dye. Sections were 
kept in this stain for i day. 

Mounting. — Since the sections of untanned skin were fastened per- 
manently to the slides before staining, the mounting of these was 
a very simple operation. After the sections were stained, they were 
rinsed successively with absolute alcohol, alcohol-xylene, carbol-xylene, 
and xylene. Each section was then covered with a drop of Canada 
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halsani followed by a cover j^lass. Sections thus prepared are permanent 
and ready for study or photographing. 

Sections of leather, from the microtome, were uncurled on a piece 
f)f smooth paper and fastened by pressing on the paraffine surrounding 
the sections, d'hey were then removed from the in a flattened 

condition by means of tweezers, dipjied into a i-per cent solution of 
parlodion in e(|ual volumes of alcohol and ether, and then transferred 
to slides previously coated with a thin film of santalwood oil. They 
were carefully smoothed out, covered with santalwood oil, and allowed 
to stand exposed to air until the alcohol and ether had evaporated, 
usually alx)Ut 30 minutes. They were then washed with xylene and 
covered with balsam and cover glasses. As a rule the staining of 
leather sections for study is unnecessary, but a stain often assists in 
getting sharper photograjdis. Where a stain was employed on leather, 
the fact is noted under the jihotomicrograph. 

Photographing. — All photographs were taken with a standard type 
of photomicrographic apparatus. Wratten and Wainriglit “M” plates 
were used and devclo|)cd according to the directions which accompany 
them. The source of light transmitted through the sections was a 
6-volt mazda lamp having a concentrated filament. The light was 
filtered through appr()[)riate color screens, consisting 'of the standard 
Wratten filters. The stains on the sections, together with the color 
screens, generally furnished all the detail or contrast necessary, but 
where this was not entirely satisfactory, the plates, after developing, 
were treated with standard intensifying or re(lucing agents as needed. 

Certain precautions were necessary in photographing grain surfaces 
for comparison. The hair follicles run obli(|uely to the surface, in 
consequence of which the lights atid shadows depend upon the angle 
at which the light strikes the openings of the follicles. This was 
made uniform for all skins with nearly straight follicles by using for 
reference the plane including the line of the follicle and intersecting the 
plane of the grain at right angles. A beam from a powerful arc 
lying in the plane perpendicular to these two planes was made to strike 
the grain surface at an angle of 45 degrees. 

General. — Halftones were used to reproduce all photomicrographs 
excepting those in Figs. 20 to 27 inclusive, which were printed from 
line etchings. Ikcausc of the low magnification and consequent fine- 
ness of the fibrous tissues, a good reproduction could not l)e obtained 
by means of halftones; even a very fine screen produced an aj)- 
preciable blurring effect. Line etchings, made without a screen, gave a 
much better result, the resulting incrca.se in sharpness of the fine lines 
more than compensating for the loss in shading. 

All vertical sections are shown with the outer surface of the skin 
upward. Under each photomicrograph is given the location or region 
of the body from which the specimen was taken, where this was known, 
the thickness at which the section was cut in the microtome, tht 
stains applied to the section, the eyepiece, objective, and filter used in 
photographing, and the final magnification of the section as it appears 
in the book. 






Fig. 2.— Vertical Section of Human Skin. 

Location: lower part of back. Eyepiece: none. 

Thickness of section: 20 ji. Objective: 32-nini. 

Stains: Van Heurck’s logwood, Wratten filter: H-blue green. 
Daub’s bismarck brown. Magnification: 32 diameters. 
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General Histology of Skin. 

It is not uncommon to find in the literature descriptions of skin 
structure that apparently clash. Occasionally an author will present 
what purports to be a general description, but which is actually 
l)ased upon the examination of a single type of skin structure. Figs, i, 
2, and 3 all represent vertical sections of human skin, but the first 
was taken from the scalp, the second from the lower part of the back, 
and the third from the heel. A detailed description of one woukl 
},Mve a very misleading picture of either of the others. In the section 
from the scalp, fat cells make up the greater portion of the whole, 
while in that from the back there are relatively very few fat cells, 
hut a great abundance of fibers of connective tissue. In the section 
fnjm the heel, fat cells and connective tissues are both very prominent, 
hut no hairs are seen. Practically, these sections represent very difTer- 
ent tyi>es, yet all three conform to a common basic structure. A 
structure common to all skin may be greatly exaggerated in one tyj)C 
and scarcely detectable in another. 

All four general classes of tissues, epithelial, connective, muscular, 
and nervous, are present in the skin, as well as those of the blood. 
'I'liese tissues either consist of cells or are the product of cells. The 
epithelial tissues consist of layers of cells, which cover all the free 
surfaces of the animal body. The connective tissues are distinguished 
from the other fundamental tissues of the body by the fact that 
(heir cells lie imbedded in extracellular material which appears to 
l)e the result of their activity. The various types of connective tissues 
are distinguished among themselves by the kind of extracellular tissue 
wliich they produce, such as bone, cartilage, etc. 'J'he muscular tissues • 
have a well developed power of contracting, apparently without change 
of volume, the decrease in lengtl) Ixdng comjxnsated by an increase 
in diameter. The cells of the striated or involuntary muscles are long 
in relation to their width and are marked with transverse bands, while 
those of the nonstriated or involuntary muscles arc spindle .shaped, 
without transverse striations. The nervous tissue found in the skin 
is a protoplasmic prolongation of cells lying in the central nervous 
system, or in the ganglia closely associated with that system. 

The skin is divided sharply into two layers, distinct both in 
structure and origin: a relatively very thin outer layer of epithelial 
tissue, the epidermis, and a much thicker layer of connective and other 
tissues, the derma. Raw skin, as an article of commerce, has also a 
third layer, the superficial fascia, known to the tanner as the adipose 
tissue or, more commonly, the flesh. In keeping with the nomenclature 
of the leather trade, the word flesh will be used only in this con- 
nection, although in anatomy flesh really means muscle tissue. In 
life, the adipose tissue, or flesh, connects the skin projxr very loosely 
to the underlying parts of the lx)dy. The derma lies Ixtween the 
epidermis and adipose tissue. , 

In the preparation of skin for tanning, except in special cases, 
such as the tanning of fur skins, the adipose tissue and the entire 




Fig, 3, — Vertical Section of Human Skin. 

Location: heel. Eyepiece: none. 

Thickness of S(jction : 30 Objective: 48-mm. 

Stains: Delafield’s hematoxylin, VV ratten filter: H-blue green. 

Eosin. Magnification: 20 diameters. 
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foiclernial system must be removed intelligently and with extreme care, 
raving the derma to be converted into leather. The epidermal system, 
idipose tissue, and derma will be described in turn. 

I The epidermis is made up of a cellular strata originating from the 
ectoderm, the outer layer of the young embryo, and independently 
)f the derma, which is derived from the mesoderm, or middle layer. 
These two layers grow independently throughout life and differ ma- 
eriallv in both chemical and i)liysical properties. In Fig. 2 the ei)i- 
lermis can be seen as a dark band forming the upper boundary of 
he skin and constituting only about i per cent of the total thickness. 
>0 far as its growth is concerned, the epidermis may be looked upon 
IS a i)arasite, although it is a most important ixnrt of the body, it 
las no blood vessels of its own, but rests upon the upper surface ()f 
he derma and draws its nourishment from blood and lymph supplied 
)y the hlood vessels of the derma. It grows only through the reproduc- 
ion of its own cells. 

The jK)rtion of epidermis in contact with the derma is a layer of 
iving epithelial cells, rather elongated in shape. It may be men- 
ioned that a cell consists of a nucleus suspended in protoplasm en- 
losed between very thin walls acting as a semi-i)ermcahle membrane. 
N^ourishment from the lymph and blood streams diffuses through the 
ell walls, and after a certain period of growth the cell divides 
nitotically, forming two cells. This change ap|)ears to be initiated 
)y the nudeus. In the deepest layer of the epidermis, each cell increases 
n height and then subdivides, forming two cells, one above the other. 
This jM'ocess is reiK‘ated indefinitely. As the older cells are jmshed 
aitward, they become flattened by dehydration and other changes. 
During this process, the protoplasm dries uj) and the cells lose tlieir 
power of reproduction. In the outermost layer, the cells arc very dry 
and scaly and are gradually worn away. This scaling is often very 
noticeable on the scalp in the form of dandruff, which, in itself, is 
not the result of a disease, but rather is evidence that the epidermal 
cells are functioning and reproducing vigorously. 

Where the epidermis is very thick, as on the heel, the gradual 
transition which the cells undergo in their outward course gives the 
epidermis the appearance of having several distinct layers. The por* 
tion of the epidermis shown in the up|)er left hand corner of Fig. 3 
is shown at a very much higher magnification in Fig. 4. Now the several 
strata can be seen very plainly. 

The layer marked K is the uppermost part of the derma and 
numerous protuberances of its surface, called papillae, can be seen 
extending upward into the epidermis, giving the boundary between 
epidermis and derma a .serrated appearance. D is the Malpighian layer 
of the epidermis, or stratum mucosum. It is built up of several rows 
of living epithelial cells, whose nuclei apjKMr in the jiicture as dark 
si)ots or rods. Tiny fibers, often called prickles, pass from cell to 
cell, holding them together and securing them to the derma. Extending 
l>etween these prickles, which look as if they were walls in section, 
are protoplasmic processes and it is supix)se<l that fo(Kl jiasses upward 



Location : 
Thickness 
Stains : 
Eosin. 


Fig 4. — Vertical Section of Human Epidermis. 

A. Stratum corneum. 

B. Stratum lucidum. 

C. Stratum granulosum. 

D. Stratum mucosum. 

E. Pars papillaris. 

heel. Eyepiece: none, 

of section: 30 p. Objective: 8-mm. 

Delafield’s hematoxylin, Wratten filter: A-red. 

Magnification: 100 diameters. 
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rtween the cells and waste from the upper layers downwarcl. From 
.is food the cells derive the nourishment necessary for rei>roduction. 
'his layer contains no blood vessels, but very line nerve libers pass 
rom the derma into this layer, forming a network between the cells 
nd terminating in bulbous swellings or undergoing a gradual lireakmg 

p into nerve granules. , , i , i i f nt - 1 

\s the new cells are formed, the older ones are pushed outwaul 

ihere nourishment is no longer available and the protoplasm of tlie 
ells gradually dries up. Upon staining, the cells then appear as 
hough they contained coarse granules and form the layer shown at C-, 
vhich, from its appearance, has been called the stratum gramilosiun. 

I he cells also contain a pigment, which is at least partly rcsixinsible 
or the color of the skin. This iiigment, known as melanin, is thought 

0 he a derivative of hematin containing iron and sulfur. It is very 
oncentrated in the skin of the negro and almost entirely absent from 
he skin of a blonde. Apparently the i)igment is formed as a pro- 
fction against strong sunlight, both for the skin and the underlying 
issues. The pigmented layer may thus he looked upon as a color filter . 
U hen the pigment-containing cells are collected in spots, they appear 
IS freckles. The pigment in the negro skin is found in the deepest 
ells of the stratum mucosum, in the connective tissue cells of the upper 
part of the derma, and in the wandering cells of the lymph, found in 
ihe lymph spaces or between the cells of the epidermis or connective 
tissues. The pigment granules are found only in cells. 

As the cells are pushed still further outward, the cell granules 
break down, yielding a material, called eleidin, which resists staining 
and gives the epidermis in this region a transparent appearance, from 
which it has derived the name stratum lucidum. This layer is shown 
at H. 

'fhe cells continue to undergo changes during their outward course, 
becoming drier and flatter, and finally form the very thick Layer shown 
at A, the stratum corneum, in which the cells tend to break away from 
each other and to scale off. This layer is lieing worn away continually 
and is replaced by the newer cells from below. The corneous layer 
is a very poor conductor of heat and the waxy material usually [iresent 
on its surface makes it water repellent. In the photrynicrograph a duel 
can be seen taking a spiral course up through the cornc'ous layer, d'his 
is the outlet of a sudoriferous or sweat gland seated in the derma. 
Its opening at the surface of the corneous layer is called a pore. 

AH of the strata noted above can be detected only where the 
epidermis is very thick. Elsewhere only the stratum mucosum and 
'Stratum corneum are visible. In no case have we yetr observed a sec- 
tion of skin used for making leather where more than these two layers 
could l)e recognized in the epidermis. 

The independent growth of the epidermis and denna involves a 
number of important appendages of the skin. In the epidermal .sys- 

1 tern, the reproduction of epithelial cells produces, not only the epi- 
<lermis, but also the hair and the sebaceous and sudoriferous glands. 
1 hese cellular structures are composed of proteins of the class known 
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igneratins as distinct from the collagens and clastins of tlie derma. 
SHpere a portion of the epidermis is lost, dirough accident, it can 
^Fregenerated only by the surrounding epithelial cells spreading over 
hare spot, by reproduction. The necessity for removing the 
jpiderma/ system completely before tanning and without any injury 
[d the derma makes the difference in chemical cowixjsitkm l)ctwevn the 
[w'o systems a matter of great importance to the tanner. 

In the class with hair belong also nails, claws, hoofs, scales, and 
Feathers, which are all s{)ecial growths of tlie epidermis. I'o the 
laked eye, the hair appears to pierce the skin, but actually it does not 
[do so. An examination of Fig. 2 will show that the epidermis dips 
down into the body of the derma, forming a pocket, or follicle, in which 
tlie hair grows. The follicle is complex in structure because it is 
made up of the epidermal layers on the hair side and of the layers 
of the derma on the other. At its bottom, the follicle is penetrated 
by a projection coming from the derma and known as the hair papilla, 
which is supplied with both nerves and blood vessels. 

A good example of a hair papilla is shown in Fig. 5 in the hair 
hull) from the skin of a hog. Tlie bottom end of the bulb apjK*ars like 
a pair of pincers with the jaws slightly open and facing downward. 

A similar structure may be seen in the hair bulbs of the scalp shown 
in Fig. I. Passing through the opening in the jaws into the large 
open space above and resembling a candle flame in shape is the pajiilla, 
which contains tiny nerves and blood vessels which supply nourish- 
ment. Lining the lymph si)acc surrounding the papilla are numerous 
cjiithelial cells, which derive from the blood and lymph the nourish- 
ment nece.ssary for reproduction. As new cells arc formed, the older 
“ties are pushed outward through the follicle, forming the hair. The 
rate of growth of the hair is determined by the rate at which the cells 
surrounding the papilla reproduce. 

I he newly formed cells of the hair, like those of the Malpighian 
layer of the epidermis, are very soft. As they are pushed upward, 
they Ijecome elongated in shajxi and harder. In forming the hair, they 
.isMime the shape of the follicle; if this ha|)pens to be curved, the 
hair will be curly. In the negro, the follicles often have a curvature 
“t nearly 90 degrees, which accounts for the tightness of the curls. 

The portion of the hair showing above the surface of the skin 
called the shaft and the lower portion the root, which enlarges 
mto a bulb at fts lower extremity, where it is penetrated by the hair 
papilla. The shaft is made up of a central medulla, or pith, of rounded 
ceils, containing eleidin granules, surrounded by a much thicker ix)r- 
tion composed of long fibrillated cells, containing pigment, and en- 
closed by an outer layer of cells which become hardened in the form 
ot overlapping scales. These scales, which give fur and wool their 
telting properties, open outward so as to resist the pulling out of the 
K • , lighting is properly adjusted and the magnification 

^nmciently great, the scales are not easily discernible. In Fig. 6 may 
ne seen the scales of a tiny piece of wool. The scales of one side 
and the shadows of those on the other both show because the wool 




Fig. 6.— Segment of Sheep Wool. 

Stain: none. Wratten filter: H-blue green. 

Eyepiece: 7.5X, Magnification: 1260 diameters. 

Objective: 4-mm. 
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Kvas photographed with transmitted light. The same gcfieral structure 
Iran l)e seen on most hair, but it is not always so pronounced. 

When a hair is shed, after reaching the limit of its existence, 
the epithelial cells left surrounding the hair i)apilla keep on multiplying 
and soon another hair is formed to replace the one shed. Baldness 
results from the failure of the blood vessels of the ])apilla to furnish 
the required nourishment or from the destruction of the epithelial 
cells in some other way. Any serious attempt to grow hair on a bald 
head must be accompanied by some means of introducing living ej)!- 
thclial cells into the hair follicles, of which there are something like a 
thousand to the square inch. In other words, we cannot grow a crop 
without seeds or seedlings. 

In old age, pigment is no longer available for the hair cells and 
the new hairs, containing no pigment, appear gray in color. Hair 
containing pigment, however, may look white by reflected light, due 
to the presence of tiny air bubbles among the cells. 

Each hair follicle is supplied with sebaceous glands with ducts 
emptying into the upper tX)rtion of the follicle, A group of these 
glands can be seen in Fig. 2. They are lined with epithelial cells 
which secrete from the blood the materials required for the synthesis 
of the oils which they produce. When they become charged with 
oil, the protoplasm disappears and the cell breaks down, discharging 
the oil into the duct. New cells are continually being formed to re- 
place the old ones. The oil is forced into the follicle, where it coats 
and lubricates the hair, and finally to the surface of the skin, which 
it .softens and protects against the cold. In contact with air, this oil 
thickens to the con.sistency of car wax, to which it is related. When 
the ducts become clogged with dirt, the pressure behind them causes 
them to become distended, giving rise to blackheads. Sebaceous glands 
are .sometimes found also in parts of the skin free from hair. 

Attached to each hair follicle, just below the sebaceous glands, 
and extending obliquely upward through the derma, almost to the sur- 
face, is a bundle of nonstriated muscle tis.sue, known as the erector 
pili muscle. In Fig, 2 one of these muscles forms a V with the hair 
tollicle, and the .sebaceous glands may be seen within the angle so 
formed. The nerves supplying these muscles are known as the pilo- 
mutor nerves. These muscles contract under the influence of emotions, 
''Uch as fear, surprise, anger, or other disagreeable states, or in re- 
sponse to cold or grazing tactile stimuli. Among the commoner visible 
effects are the roughening of the skin called goose-flesh and the 
effect of the hair standing on end, very pronounced in a frightened 
cat. 

The real purpose of the erector pili muscles is apparently to pro- 
tect the body against sudden changes of temperature by their con- 
trol over the operation of the glands; they seem to act as effectively 
as a thermocouple in a good thermostat. Their contraction puts a pres- 
sure on the glands which causes the cells to give up their oil to the 
hair follicle and, in the process, the cells are destroyed. The oil is 
then forced up through the follicle to the surface of the skin, where 




Fig 7.— Vertical Section of Calf Adipose Tissue. 


Location: butt. 

Thickness of section: 20 n. 
Stains:^ Van Heurck’s logwood, 
Daub’s bisinarck brown. 


Eyepiece: none. 

Objective: i6-mm. 

Wratten filter: H-blue green, 
^fagnification : 70 diameters. 
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t tends to stop the action of the sudoriferous glands and the 
[•\a|>oration of water from the surface of the skin. 

riic sudoriferous or sweat glands are coiled sacs with spiral ducts 
( ading to the surface of the skin. In Fig. 3 several of these ducts 
•an i)c seen winding up through the epidermis and terminating at 
he surface as pores. Often the ducts seem to lead into the hair 
[ollicles alxwe the oj^enings of the ducts of the sebaceous glands. 
Hie sacs of the sweat glands are lined with epithelial cells, which arc 
ii.tiitinuons with the cells of the Malpighian layer of the epidermis, 
iitid which secrete water, salts, urea, and other wastes from the hloocl 
and jxiss them out through the ducts. Where no sebaceous glands arc 
present, the sudoriferous glands also provide an oily fluid to keep 
the surface of the skin soft. These glands serve the dual purpose 
of disposing of waste products and of permitting control of the body 
leinj)eratiire through the regulation of tlie rate of evaporation of 
water. 

'I'his entire epidermal system, including the epidermis, hair, and 
‘'('haceous and sudoriferous glands, must be removed from the skin in 
such manner that the derma suffers no injury that can be detected 
ill the finished leather. 

'fhe skin is connected to the underlying parts of the body very 
l''osely by means of fd)ers of connective tissue, usually called adipose 
tissue because it is so frequently the seat of fat deposits, most 
numerous in the vicinity of the abdomen, which serve to protect the 
hndy against cold. The looseness of connection allows the skin very 
tr(*e movement and, incidentally, makes flaying a much simpler matter 
tlian it would otherwise be. The adipose tissue, while not a part of 
ihc skin proper, is of importance to the tanner because much of it 
ninains adhering to the skins received at the tannery and must be 
removed prior to tanning. If left on the skins, it greatly impedes the 
progress of tanning. 

^ In big. 7 is shown a vertical section of adipose tissue from the 
outt of a calf skin along with the lower portion of the derma. The top 
quarter of the picture shows a portion of derma bound on its under 
>i(lc by strands of elastin fibers, appearing as compact masses of black 
tin cads; actually they are of a pale yellow color. The fat cells of 
tkc adipose tissue are arranged in layers and are held together by 
ijl)crs of connective tissue. The light colored tissues are the white 
lihers, composed of collagen, and the dark ones are the yellow fibers 
'd elastin. Large arteries, nerves, and veins which supply the derma 
traverse the adipose tissue in many places and can often be seen heavily 
protected with connective tissue. This region is sometimes supplied 
?} striated muscle fibers to permit the voluntary twitching of 

dhe removal of the adipose tissue of the skin, preparatory to 
tanning, is an operation known as fleshing. This is done efficiently 
'vhen all of the tissues underlying the derma are cut away, leaving the 
uerma itself entirely intact. 

It is the derma, or true skin, that is actually used to make leather 




Fig, 8.— -Vertical Section of Reticular Layer of Calf Skin. 
Location: butt. Eyepiece; 5X. 

Thickness of section: 20 p. Objective: i6-mm. 

Heurcks logwood, Wratten filter; B-green. 
Daub s bismarck brown. Magnification : 170 diameters. 
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,111(1 the chief leather* f(inning cunstitueiil of the derma is collaj^eii, 
llic stihstancje of the wl\itc fibers of connective tissue. Sound leather 
(an he jiroduced only from skins in which these fibers are well de- 
\eloped and abundant. The three contrastini^ structures in h'ij^s. i, 
j, and 3 are typical of the extremes found in the skins of the lower 
animals. A skin composed chiefly of fat cells is of little value in makine^ 
leather and one in which large groups of fat cells are interspersed 
l.elween the collagen fibers will yield only a spongy leather because 
(if the empty spaces left after the fat cells have been destroyed in 
the processes preparatory to tanning, d'hc tendency toward one ex- 
treme or the other depends largely upon the habits and feeding of 
the animal as well as uix)n its species. In considering the general 
^tnlcture of skin, one should look upon the major portion of the 
derma as consisting of both fat cells and connective tissues, either 
of which may be very abundant or relatively scarce. 

Tnlike the epithelial tissues, the major portion of the connective 
tissues is not made up of cells, but results from the activity of migra- 
tory cells very much smaller in size than the extracellular material. 
The relation of these cells to the collagen libers of erdf skin can be 
seen in Fig. 8. The cells stain more deeply than the libers and a])pear 
in the picture as black specks having a diameter of about i millimeter, 
which means that the actual cells have a diameter of .about i/i/Oth 
nf this. In the sections we have examined, the abundance of tlu'se 
cells diminishes with increa.sing age of the animal. 

Wy examining the cross sections of libers running perpendicular 
to the plane of the page, the arratigement of the fibers, or librils, in 
bundles can be seen very plainly. Seymour-Jones regards the libers 
enclosed in very thin .sheaths of wh.at he terms “liber sarcolemma.” 
\\ bile we have not been able, as yet, to detect such a sheath micro- 
M ()j)ically, the investigations of Wilson and (iallun, described in Chap- 
ter 8, seem to indicate that the .surfaces of the collagen fibers arc very 
much more resistant to tryptic digestion than the material just under 
the surface. 


f)f the two kinds of fibers composing the connective tissues, the 
collagen fibers are very much thicker and more abundant than the 
elastin fibers. There is usually a den.se layer of elastin fillers at the 
lower surface of the derma, where it is attached to the adipose tissue, 
as shown in Fig. 7, and another in the region of the erector pili mu.scles. 
l»ut the greater portion of the derma seems to contain relatively few 
elastin fibers and these are generally to be found surrounding the 
blood vessels and nerves traversing the derma. 

I he main trunk lines of blood vessels and nerves supplying the 
derma run parallel to the surface just above the lower elastin layer. 
Trom these trunk lines branches shoot upward and are distributed to 
all parts of the derma. A network of lymph ducts also is distributed 
throughout the skin. 


Cross sections of the arteries and veins show three distinct layers: 
an outer layer of collagen and elastin fibers, a middle layer of non- 
striated muscle tissue and elastin fibers, and an inner membrane of 



Fig. 9.^Grain Surfaces of Tanned Skins. 

Eyepiece: none. Wratten filter: K2-yclIow. 

Objective: 48-mm. Magnification: 7 diameters. 
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Fig. 10.— Grain Surfaces of Tanned Skins. 

Ey^iece: none. Wratten filter: K2-yellow.» 

Objective: 48-mni. Magnification: 7 diameters. 
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flattened cells. All three layers are pronounced in the arteries, but in 
the veins the outer layer is very much thicker than the inner layers, 
which are much less developed and collapse when the vein is empty. 
The veins are also equipped with semilunar valves in order to prevent 
backflows of blood. 

A cross section of an artery can be seen at the top of Fig. 7. 
It is the large circular body just to the left of the midline. To the 
right of the artery is a vein, which has collapsed. The circular mass 
just under the artery is a cross section of a bundle of nerves. Three 
more sections of nerve bundles are prominent, elongated in shape, 
two just l)elow the vein and one to the extreme left of the artery. 

In those parts of the body where the sense of touch is well de- 
veloped, as in the fingers, there are numerous protuberances of the sur- 
face of the derma into the epidermis, called papillae. These are very 
pronounced in the section of skin from the human heel shown in Fig. 3. 
They are arranged in definite patterns which do not change throughout 
life. The design of the thumb print is produced by the papillae. They 
seem to be absent entirely from some parts of the body, particularly 
where the sense of touch is not well developed and where the epidermis 
is very thin. They are of two kinds, one containing blood vessels 
furnishing lymph to the active epithelial cells in their vicinity and the 
other containing the nerves sensitive to touch, pain, heat and cold. The 
epidermis above the papillae is thinner than at other points, the papillae 
serving the purpose of bringing tlie nerve ends nearer to those surfaces 
where they are most needed. 

The portion of the derma immediately in contact with the epidermis 
has been called the “grain membrane’’ by Seymour-Jones because it 
forms the grain surface of the finished leather. Although its boundary 
on the side in contact with the epidermis is very sharp, on the other 
side it blends into the rest of the derma with no sharp change of 
properties. The fibers of connective tissue grow finer as they near 
the grain surface, in which the fibers are extremely fine and generally 
run parallel to the surface. They can be seen very plainly in the hori- 
zontal section of tanned calf skin shown in Fig. 150, of Chapter 16. 
Whether or not the fibers of the grain surface are continuous with 
those of the connective tissues of the derma, they seem to possess 
somewhat diflferent properties. When unhaired skin is kept in boiling 
water, the fibers of the grain surface remain as a thin sheet, although 
somewhat changed, long after the larger collagen fibers below have 
passed into solution as gelatin. The outer surface is then very sharp, 
but the inner side, facing the remnants of the collagen fibers, appears 
jellylike and heterogeneous, indicating a gradual change in 'properties 
of the fibers as they pass from the derma into the grain surface. 

It is of great importance that no damage be done to the grain, 
surface in removing the epidermis, because it determines the appear- 
ance of the finished leather. It is therefore fortunate for the tanner 
that the fibers in this surface are more resistant to the action of 
alkalies than the epidermis above it and more resistant to the action of 
tryptic enzymes than the elastin fibers below it. The grain surface 
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is readily attacked by proteolytic bacteria under certain conditions, 
however, resulting in what is known to the tanner as pitted grain. 

The design of the grain surface, as seen on the skin after unhairing 
and tanning, is distinct for each species of animal, while the fineness 
of the pattern is an indication of the age of the animal. It is due 
to the arrangement of the hair follicles and pores, and of the papillte 
where these are present. The grain surfaces of the tanned skins of 
a number of different animals are shown in Figs. 9 and 10. They 
are all magnified to exactly the same extent and are directly com- 
j)arahle. It will be noted that the cow and calf have the same pattern, 
hilt that it is much coarser in the older animal. These designs can he 
used to identify different species of animal. 

We shall now turn from considering the general histology of skin 
to the more detailed structures shown by definite tyi^es of skins used 
ill making leather. 


Cow Hide. 

In selecting skin for the j^rodnetion of heavy, sound and durable 
leather, the tanner usually chooses the hide of the steer or cow. In 
log. 1 1 is shown a vertical section of cow hide taken from the thickest 
part of the butt. 1'he specimen was fixed in hTlicki’s fluid immediately 
after the death of the animal. 11ns is the type of skin suitable for 
manufacture into sole leather or heavy belting or harness leather. Over 
So jicr cent of the total thickness of the hide is made up of heavy, 
interlacing bundles of collagen fibers, the chief leather- forming con- 
stituent of skin, and very few of the fat cells that tend to make the 
leather spongy are to be found among tliese fillers. 

The epidermis appears as a thin, dark line forming the upper 
boundary of the section and occupying barely one-half of one per cent 
of the total thickness, the rest being tbe derma, the adiix)se tissue having 
been removed from this portion of the hide in flaying. The epidermis 
can be .seen to dip down into the derma in many places, forming the 
follicles in which the hairs grow. 

The presence of the muscles, glands and follicles in the top fifth 
of the derma give this region the appearance of a layer quite distinct 
from the lower part of the derma. Indeed, it is advantageous, in 
leather manufacture, to look upon the derma as divided into two 
distinct layers. The dividing line might conveniently be taken as that 
formed by the deepest points of the sudoriferous, or sweat, glands. 
Ihe lower, fibrous region of the skin is often referred to as the 
reticular layer because of the network appearance of the collagen fibers. 
I his name might well be accepted for most skins suitable for leather 
manufacture, although it might .seem somewhat strained for skins 
m which the derma is made up largely of fat cells. The chief func- 
tion of the upper layer seems to be that of a thermostat for the body 
and the writer, therefore, proposes the name thermostat layer as 
indicating its structure as well as its chief function. 

In Fig. II the thermostat layer occupies the top fifth and the 




tig. II.— Vertical Section of Cow Hide. 


Location: butt. 

Thickness of section: 20 
St^ns:^ Van Heurck’s logwood, 
Daub s bismarck brown. 


Eyepiece: none. 

Objective: 48-mm. 

Wratten filter: F-red. 
Magnification: 19 diameters. 
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Fig. 12.— -Vertical Section of Thermostat Layer of Cow Hide. 

Location: butt. Eyepiece: 5X. 

Thickness of section: 20 p. Objective: i6-mm. 

btains:^ Van Heurck’s logwood, Wratten filter: 11 -blue green, 
l^aub’s bismarck brown. Magnification: 85 diameters. 
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reticular layer the remaining four-fifths of the section. The advantage 
of dealing with these layers separately is made clear by the fact that 
the structure of the reticular layer determines the physical properties 
of the leather such as tensile strength, solidity, resilience, etc., while 
the thermostat layer determines more particularly the appearance of 
the leather. In making the finer grades of leather, a great deal of 
attention must be paid to the thermostat layer. It is a matter of 
considerable importance that this layer is almost as thick in a small 
skin as in a large one; in the thinner skins and even in the thinner 
parts of the same skin, this layer occupies a greater proportion of the 
total thickness. 

The section in Fig. ii is magnified only 19 diameters. In order 
to show the structure of the thermostat layer in greater detail, the upper 
left hand corner of this section was magnified to 85 diameters. At 
this greater magnification, it is shown in Fig. 12. The Malpighian and 
corneous layers of the epidermis can now be clearly differentiated, 
the latter becoming extremely thin where it lines the hair follicle. 
The stratum granulosum and stratum lucidum do not appear to he 
present in the epidermis. Attached to the base of the hair follicle 
and weaving its way upward to the right is the erector pili muscle. 
Just above this muscle and emptying into the hair follicle is a group 
of .sebaceous glands. The empty space near the lower left hand corner 
is that formerly occupied by a sweat gland whose duct has wandered 
out of the plane of the section, reappearing as a pore to the right of 
the hair just at the entrance to the hair follicle. The fine, black, 
threadlike lines running roughly parallel to the surface and to be 
found throughout the thermostat layer are the elastin fibers, or yellow 
fibers of connective tissue. In this layer, the collagen fibers are very 
much finer than in the reticular layer and appear to be broken up 
into individual fibrils. The grain surface appears only as portions 
of tiny fibrils with no sharp line of division from the rest of the derma. 
No papillae are to be seen in this section ; in fact, we found no papilkT 
in any part of the cow hide, except in the region of the legs. 

In order to present a still clearer picture of the important thermo- 
stat layer, we prepared series of sections parallel to the surface of 
the hide. Strips of hide imbedded in paraffine were placed in the 
microtome and sections, each 20 microns thick, were cut in succession 
from the corneous layer to a point in the reticular layer, every section 
being kept in order and mounted. The five horizontal sections shown 
in Figs. 13 to 17 were prepared from a strip of hide taken from 
the thigh so as to include the papillae, which were not present in tbc 
other regions. Fig. 13 is a section cut through the epidermis. In the 
center is the opening of a hair follicle. The circular mass just above 
the center is the cross section of a hair. The stringy lines forming 
an oval shaped mass about the hair are the part of the corneous layer 
of the epidermis which dips down into the hair follicle. The heavy 
dots seen throughout the rest of the picture are the nuclei of the 
cells of the Malpighian layer of the epidermis. The irregularly shaped, 
light-colored patches are cross sections of the papillae of the derma 




Fig 13 '— Horizontal Section of Cow Hide. 

(Through epidermis.) 

I.ocation: thigh. Eyepiece: 5X, 

Iniekness of section: 20 p. Objective: 8-mm. 

Plains: Van Heurck’s logwood, Wrattcn filter: H-blue green. 

Daub’s bismarck brown. Magnification: 200 diameters. 

'\hich protrude into the epidermis and are made up chiefly of nerves 
-nid blood vessels. 

fig. 14 represents a section cut 0.30 millimeter below the upper 
surface of the corneous layer. It marks the plane of the derma where 
ihe ducts of the sebaceous glands empty into the hair follicles. In 
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Fig. 13,— Horizontal Section of Cow Hide. 

(0.30 min. below upper surface.) 

Location: thigh. Eyepiece: 5X. 

Tliickness of section: 20 \i. Objective: 8-mm. 

Stains:^ Van Heurck’s logwood, Wratten filter: H-blue green. 

Daub’s bisinarck brown. Magnification : 200 diameters. 

the lower part of the middle of the picture can be seen the cross sec- 
tion of a hair and of two ducts emptying into the follicle, just above 
the hair, to right and left. Both the ducts and the follicle are lined 
with epithelial cells which are continuous with the Malpighian layer 
of the epidermis and of which they are appendages. The dark, thread- 
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Fig. 15.— Horizontal Section of Cow Hide. 

(0.54 mm, below upper surface.) 

I -Option; thigh. Eyepiece: 5X. 

Thickness of section: 20 p. Objective: 8-mm. 

Stains:^ Van Heurck’s logwood, Wratten filter: H-blue green. 

Daub’s bismarck brown. Magnification : 200 diameters. 

like structures are elastin fibers. The tiny collagen fibers of this region, 
being stained more lightly, are not prominent. 

The section in Fig. 15 forms the plane 0.24 millimeter below that 
whose cross section is shown in the lower part 
of the middle of Fig. 15 is the same as that shown in Fig. 14. The 
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Fig. i6. — Horizontal Section of Cow Hide. 

(0.54 mm. below upper surface.) 

Location: thigh. Eyepiece: none. 

Thickness ot section: 20 p. Objective: i6-mm. 

Stains: Van Heurck’s logwood, Wratten filter: H-blue green. 

Daub’s bisinarck brown. Magnification: 48 diameters. 

hair follicle at this point has a much thicker wall of epithelial tissues 
and is more thickly bound by’elastin fibers. Above the follicle, to the 
right and left, are the two groups of sebaceous glands whose ducts 
can be seen emptying into the follicle in Fig. 14. These glands re- 
semble bunches of grapes. Each dot is a cell nucleus and the fine 
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Fig. 17. — Horizontal Section of Cow Hide. 

(0.84 mm. below upper surface.) 

l ocation: thigh. Eyepiece: 5X. 

Thickness of section: 20 Objective: 8-mm. 

Stains: Van Heurck’s logwood, Wratten filter: H-bluc green. 
b)aub’s bismarck brown. Magnification : 200 diameters. 

lines are the tliin walls bounding the cells. A portion of the erector 
I>ili muscle is visible at the midpoint of the top of the picture. It 
is passing obliquely upward through the plane of the section and away 
from the hair follicle. The contraction of this muscle exerts a pressure 
nix)n the cells and their oily contents are forced up through the ducts 
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and into the hair follicles at the openings shown in Fig. 14. Between 
the two groups of glands and the hair follicles is a mass of muscle 
tissue of the same kind as that constituting the erector pili muscle. 
Apparently the muscle extends also into this region and exerts its 
pressure upon the cells by a sort of pinching action. 

Fig. 16 is a photomicrograph of this section taken at lower maj^- 
nilication so as to show the general arrangement of follicles and glands. 
The portion appearing in Fig. 15 can now be recognized just below 
the center of the picture. Associated with the hair we have been fol- 
lowing are three others, and this tendency for the hairs to group 
themselves in threes and fours is very noticeable. Some of the follicles 
are not so deeply seated as others and have their sebaceous glands in 
a plane higher up. This explains why no glands are to be seen in 
the vicinity of some of the follicles. The short, thick lines appearin-^r 
here and there are arteries or veins wandering in and out of the plane 
of the section. 

In Fig. 17 is shown the section forming the plane 0.30 millimeter 
below that of Fig. 15, or a total distance of 0.84 millimeter from the 
upper surface of the corneous layer. A cross section of the same 
hair as that shown in Figs. 14 and 15 appears in the center of the 
picture, but this time we have cut right through the hair bulb. The 
black mass is the bulb and the light patch at its center is the hair 
papilla. To the right and left and above the hair bulb are the sweat 
glands. They appear as large, empty sacs, with portions of their 
linings of epithelial cells showing like leopard spots. In this plane 
the elastin fibers are much less numerous than in the regions higher 
up and the collagen fibers are now much larger and grouped in bundles. 
At a distance of 0.12 millimeter below this plane, we encounter the 
last of the epithelial cells of the sweat glands and therefore the lower 
boundary of the thermostat layer. 

The reticular layer consisted almost entirely of collagen fibers, 
elastin fibers being present only in the lowest region and surrounding^ 
the blood vessels and nerves traversing other parts of the reticular 
layer. 


Calf Skin. 

A calf skin, very naturally, api^ears much like a cow hide in minia- 
ture. In Fig. 18 is shown a vertical section from the skin of a healthy 
young heifer calf, which had been fixed in Erlicki's fluid immediately 
following the slaughter and flaying of the animal. As a rule, the skin 
of a heifer calf has greater solidity and fineness of appearance than 
that of a steer calf and is, consequently, to be preferred for leather 
making. In comparing Figs, il and 18, it should not be overlooked 
that the section of calf skin is magnified more than twice as highly 
as that of the cow hide. In fact, in making comparisons of any 
photomicrographs in the book, erroneous conclusions may be drawn, 
if the magnifications^ are not taken into consideration. 

The relatively greater thickness of the thermostat layer in the calf 






Fig. 1 8. — Vertical Section of Calf Skin. 

Ideation: butt. Eyepiece: none. 

Thickness of section: 20 p. Objective: 32-mm. 

otains:^ Van Heurck’s logwood, Wratten filter: F-red. 

Daub’s bismarck brown. Magnification : 40 diameters. 
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skin is noticeable. This fact is doubly interesting because the structin e 
of this layer is of much greater importance for calf skin than for 
cow hide; calf skins are generally used to make dressing and othtr 
leathers where fineness of ap])earance of the grain surface is highly 
valued, while cow hides more often are used for sole, belting, and harness 
leathers. 

Another point to be noted in comparing Figs, ii and i8 is that 
the sections were cut from exactly corresponding parts of the skins 
of the two animals. The importance of this point will be made clear 
from a study of Figs. 20 to 27. It is well known that a tanned skin 
is not uniform in structure throughout its entire area. The butt is 
usually much thicker and has greater solidity than any other part. The 
shanks are firm, but thin, while the flanks are thick, but spongy. In 

order to show how the 
structure of the skin varies 
in different regions, 8 strips 
were cut from the locations 
indicated in the diagram 
shown in Fig. 19. Tlit 
skin was the same as that 
whose vertical section is 
shown in Fig. 18. Vertical 
sections of these 8 strips 
are shown in Figs. 20 to 27. 
In comparing the sections, 
it will be noted that the 
thickness of the thermostat 
layer is uniform through- 
out the skin, but that both 
the thickness and texture of 
the reticular layer vary 
widely. 

The reticular layer i^ 
nearly 3 times as thick in the 
butt as in the hind shank. In 
the shoulder, the reticular 
layer is thinner than that 
of the butt and its fibers arc somewhat finer. In the belly, the collagen 
fibers run nearly parallel to the grain surface and offer little resistance 
to any tendency to pull them apart in a vertical direction, whereas 
many of the fibers in the butt run nearly vertically, with some running 
in almost any direction, making this region very resistant to distortion. 
The grain surface appears less serrated on the butt than elsewhere. 
In fact, most of the differences observable in the various parts of 
finished leather may be attributed to initial differences in structure 
of the living skin. 

In studying Fig. 18, use may be made of practically the entire 
description of cow hide given above. The bottom fifth of the picture 
shows the adipose tissue, consisting of rows of fat cells held together 



Fig. 19. — Diagram of Calf Skin showing loca- 
tions of sections whose photomicrographs 
are shown in Figs. 20 to 27. 

I : fore shank ; 2 : hind shank ; 

3: neck; 4: belly; 

5; shoulder; 6: back hone; 

7: butt; 8: tail. 
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1)V strands of connective tissues. \ he thick hand forming the lower 
huundarv of the derma is closely interwoven with elastin tihers, hut 
between this region and the thermostat layer, as in the cow hide, there 
arc very few elastin fibers.^ 

A better view of the tihers of the reticular layer may he had by 
ri'terring to Fig. 8, which shows some of the libers appearing at the 
left hand side of Fig. i8, but at a much higher magnification. 


Sheep Skin. 

Fig. 28 shows a vertical section of the skin of a healthy sheep, 
fixed in Erlicki’s fluid immediately after tlie death of the animal. Its 
structure is very different from that of the calf skin, both in the 
thermostat and reticular layers. A comi)arison of Figs. 18 and 28 
indicates very plainly why sheep .skin cannot he sulistituted for calf 
skin, where firmness and substance are desired. The collagen, or 
leather-forming, fibers of the sheep arc extremely thin and not closely 
interwoven and tend to run parallel to the skin surface, which in itsc'lf 
makes for looseness of texture. Moreover, in the thermostat layi'r 
there are numerous sweat glands and fat cells, which leave empty sjiaces 
in the finished leather and make it very spongy. 

The proportion of fat cells to collagen fibers in slice]) skins vaiT's 
considerably according to the feeding of the animal, and there is often 
to be found an almost continuous layer of fat cells separating the two 
main layers of the skin. In such cases, it is desirable to separate the 
skin into its two layers before tanning and to tan each separately 
r.'ither than to try to keep them together. Usually the skins arc split 
intr) two parts after the liming process and the thermostat layers, called 
grains, are tanned with sumac or other tanning extract to make leather 
suitable for bookbinding, hat bands, etc., while the reticular layers are 
converted into chamois leather, for which they are particularly suitable, 
by means of a tannage with cod oil. 

d he dark, curved mass, very prominent in the upix-r, right hand 
of the picture and the smaller masses of similar a])i)earance arc ])or- 
tions of hair follicles. Unlike the follicles of the calf, those of the 
sheep turn and twist in every direction. We were unable to find 
one follicle lying wholly in a single plane. The curvature of these 
follicles is responsible for the curliness in the wool of the sheep. In 
the cow and calf, the hair is straight because the follicles arc straight. 

Ihe twisting of the follicles makes the study of the structure of 
J'hcep skin more difficult than that of the calf. Ihit the examination 
of several sections is sufficient to show that the general mechanism 
of the two skins is the same. Running from the top of the portion of 
hair follicle showing in the upper right part of the ])icture is a part of 
an erector pili muscle. The sebaceous glands ai)i)ear to be very near 
the surface, while the sweat glands occupy much of the lower portion 
of the thermostat layer. 

Sections from this skin at different stages of the tanning processes 
J^re shown in Chapters 8, 9, and 13 and should be examined in con- 




Fig. 20.— Fore Shank, Fig. 21.— Hind Shank. 

Fig. 22.-Neck, Fig. 23.-BeIIy. 

Vertical Sections of Calf Skin. 

Locations ; as noted. Eyepiece : none. 

Thickness of sections: 15 \i. Objective: 32-mni. 

Stains: Van Heurck’s logwood, Wratten filter: F-red. 

Picro-indigo-carmine. Magnification: 15 diameters. 








Fig. 24.-Shoulder. Fia 2S.-Backbone. 

Fig. 26 .-Butt. F'c- 27 --Tail. 

Vertical Sections of Calf Skin. 

Locations: as noted. Eyepiece: none. 

Thickness of sections: 15 ji. Objective: 32-nini. 

Stains: Van Heurck^s logwood, Wratten filter: F-recl. 
Picro-indigo-carmine. Magnification: 15 diameters. 
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Fig. 28.— Vertical Section of Sheep Skin. 

Location: butt. Eyepiece: none. 

Thickness of section: 20 p,. Objective: i6-mni. 

Stains: Van Heurck's logwood, Wratten filter: C-bltie. 
Daub’s bismarck brown. Magnification: 50 diameters. 
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nection with the study of the raw skin. The epidermis can be differ- 
entiated more clearly by comparing Fig. 28 with Figs. 66 and 67 of 
Chapter 8. The general arrangement of the elastin fibers is best shown 
in Fig. 83 of Chapter 9. 

The specimen of sheep skin shown was unusually free from the 
fat cells that tend to separate the skin into two layers. We were 
able to tan it into a reasonably firm piece of leather. A section of 
this leather is shown in Fig. 104 of Chapter 13. The leather was soft 
and somewhat spongy, but is probably a good example of the tyi)e 
of skin often substituted for kid skin in the manufacture of glove 
leather. 


Goat Skin. 

In many respects the skin of the goat may be regarded as having a 
structure intermediate between that of the calf and the sheep. The 
fibers are fuller and firmer than those of the sheep, but are hardly 
equal to those of the calf. The glands and fat cells, which are re- 
sponsible for the sponginess of sheep leather, are very much less 
abundant in goat skin, although it must be admitted that this is largely 
dependent upon the animal’s feeding. Both the goat and the sheej) 
skins of the general market vary widely in quality and substance, a 
fact which warrants a considerable extension of the study of their 
structures. Calf skins, on the other hand, do not vary in quality 
nearly so widely. 

Like the calf, the goat has straight follicles, and, consequently, 
straight hair. The surface of goat skin is very much coarser than 
that of calf skin. A glance at Fig. 9 will show that the pattern ut 
the calf grain is considerably finer, even than that of the kid. Rough- 
ness of grain, however, is sometimes desirable and the grain surface of 
goat skins is often made still coarser by mechanical means. 

A vertical section of kid skin is shown in Fig. 29. This was just 
an average domestic skin in the condition in which fresh skins arc 
usually received at the tannery. The epidermis is the very thin dark 
line forming the upper boundary of the skin. It dips down into the 
derma, forming a nearly straight follicle, in which the hair grows. 
The erector pili muscle is the thin line running upward to the right 
from the base of the follicle. The opening of the sebaceous glands into 
the follicle can be seen just above the, erector pili muscle. The fact 
that the collagen fibers run nearly parallel to the surface gives this 
skin, in its most solid part, a softness and looseness found only in 
the flanks of the calf skin. 

Bounding the lower surface of the derma is a layer of striated 
muscle tissue, which permits the animal to twitch its skin. Muscles 
of this kind are often found on most of the various kinds of skins 
used for making leather. 

A typical section of chrome tanned goat skin is shown in Fig. 146 
of Chapter 14. It is interesting to compare its general structure 
with those of the calf and sheep. 
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Hog Skin. 

The comparatively low value of hog skin for leather manufacture 
can be appreciated by studying the section shown in Fig. 30. The 



Fig. 30.— Vertical Section of Hog Skin. 
Location: butt. Eyepiece: none, 

inickness of section: 20 p. Objective: 48-inm. 

logwood, Wratten filter: C-blue. 

^auD s bismarck brown. Magnification : 14 diameters. 


^ icu ar layer is composed chiefly of fat cells, which liave practically 
JO value in making leather. We have here a case where the general 
sc ot the term reticular is apt to be misleading. The fat cells extend 
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even up into the thermostat layer. The close relation of this structure 
to that of the human scalp, shown in Fig. i, should be noted. 

The epidermis, as well as the upper surface of the derma, is very 
rough and irregular in apixiarancc. As in other skins, the epidermis 
dips down into the derma, forming the follicles in which the hairs, 
or rather bristles, grow. The hair bulbs are imbedded in the mass 
of fat cells which make up the reticular layer. These fat cells ex- 
tend higher up into the thermostat layer in the region of each hair 
follicle, about which the fat cells form cone-shaped masses. The 
structure of a hair bulb from the hog is shown in Fig. 5. 

The erector pili muscle belonging to the follicle shown in Fig, 30 
did not lie in the plane of the section. A 'portion of one of these 
muscles can be seen in Fig. 84 of Chapter 9, which, kcause of its 
very much higher magnification, also shows the arrangement of the 
elastin fibers of the thermostat layer. The hog has relatively much 
fewer elastin fibers than the cow, calf, or sheep.^ 

The roughness of the surface of the derma is further accentuated 
by the presence of papillie, which seem to be rare in the skins of 
most of the lower animals studied. In the cow hide, papillse were 
found only in the region of the legs, while in the calf, sheep, and 
goat skins, no papilke were found at all. It would be interesting 
to determine whether the abundance of papillae makes the hog more 
sensitive to touch and pain than the other lower animals. The ex- 
treme roughness of the grain surface of tanned hog skin is very 
noticeable in Fig. 9. 

After the skin has been unhaired and prepared for tanning, only 
a iX)rtion of the thermostat layer remains. The follicles then are simply 
ix)ckets lined with the grain membrane, the lower portions protruding 
out from the under side of the skin. When the tanned skin is shaved 
down on the under side to make it smooth, the bottoms of these pockets 
are cut away, leaving holes wherever there were bristles in the original 
skin. This serves further to lower the value of leather made from 
hog skin. A section of tanned hog skin is shown in Fig. 107 of 
Chapter 13. 


Horse Hide. 

The outstanding peculiarity of horse hide lies in the reticular layer. 
In the region of the butt there is a dense mass of collagen fibers in 
the reticular layer so compact as to render leather made from the 
butt naturally waterproof and nearly air tight. A section of horse 
hide taken from the butt is shown in Fig. 31. The dense mass of 
fibers, often called the glassy layer, can be seen running horizontally 
across the middle of the picture and appearing much darker than the 
remaining fibers. The portion of the hide containing the glassy layer 
is known as the shell and is used to make the leather sold under the 
name of cordovan. The rest of the hide not only does not have this 
glassy layer, but the fibers of the reticular layer are very loosely inter- 
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woven, giving the leather made from it a spongy substance that limits 
its use. 

The thermostat layer of horse hide resembles that of cow hide. 
The general arrangement of the hair follicles, the erector pili muscles, 
and the sebaceous glands can be seen in Fig. 31, but the full detail 
shown in the sections of cow hide is lacking because the specimens of 
horse hide were not fixed immediately after the death of the animal, 
as in the case of the cow hide. The section, however, represents a 
hide in probably the usual condition in which horse hides are received 
at the tannery. 

Figs. 105 and 106 of Chapter 13 show a comparison of leather made 
from the shell and that made from the portion of hide immediately 
adjoining the shell. In splitting the leathers to a nearly uniform 
thickness, the knife of the splitting machine cuts through the lower 
part of the glassy layer. The greatest contrast between the two 
specimens is thus shown in the lower portions. 

Guinea Pig Skin. 

A section of guinea pig skin is shown in Fig. 32 as an example 
of very small skins. Such skins can be made into fairly good leather, 
but their diminutive size limits the demand for them and it is question- 
able whether such leather could be sold at a profit. A point worthy 
of note is that the thermostat layer of the guinea pig skin is of 
practically the same thickness as that of a calf skin, which is very 
much larger. As shown in the description of the different parts of 
the calf skin, when nature provides a thinner skin, she does so almost 
entirely at the expense of the reticular layer, and not of the thermostat 
layer. It is possible that a minimum thickness for any size of animal 
is required for the proper operation of this important layer. 

The corneous layer of the epidermis appears like a few strands 
of delicate threads just above the Malpighian layer, the dark line 
bounding the upper side of the derma. The collagen fibers of the 
reticular layer are so fine that they appear only as thin threads even 
at a magnihcation of 70 diameters. The dark band crossing the bottom 
of the picttire is a mass of striated muscle tissue. 

Fish Skins. 

The detailed structure of fish skins is very different from those 
of mammals. Nevertheless fish skins yield a leather comparing favor- 
ably with some of the more common types of commercial leathers. Fish 
leather is very tough, as a rule, and is suitable for many purposes 
where great strength is required. Sturgeon leather used for lacing 
heavy belts together has been known to outwear the belts. It is 
said that the people of New England, in the old days, made shoes 
and gloves from the skin of the cod fish. Other fish skins are sometimes 
used for making fancy leathers. 

In Figs. 33, 34, and 35 are photomicrographs of sections of the 




Fig. 32.— Vertical Section of Guinea Pig Skin. 
Ideation: butt. 

Thickness of section: 30 \i. filter* F-*red 

Stains: Van Heurck’s logwood, Wratten filter. red. ^ 


Picro-indigo-carminc. 


Magnification: 70 diameters. 
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Fig, 33.— Vertical Section of Halibut Skin, 

Fig. 34.— Vertical Section of Cod Pish Skin. 

Fig. 35* — Vertical Section of Salmon Skin. 

Location: side. Eyepiece: none. 

Thickness of sections: 20 p. Objective: 32-mm. 

Stains: Friedlander’s logwood, Wratten filter: H-blue green. 

Picro-indigo-carmine. Magnification: 17 diameters, 
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Fig. 36.— Vertical Section of Salmon Skin. 

Location: side. Eyepiece. 7-5^ 

Thickness of section: 20 m- 
Stains: Friedlander’s logwood, 

Picro-indigo-carmine. 


Objective: ib-nim. 

Wratten filter: 11 -bluc green. 
Magnification: 185 diameters. 
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I nf the halibut cod, and salmon. These skins have a iim 
skins _ of th ^ 

fomlng7<AncL in which the scaks grow. The scales of the 
correspid to the hairs of the warm blooded animals. The scaks m 
be recognized by their saw-tooth edges. , 

A portion of the right hand side of Fig. 35 show,n in Fig. y 
at a very much higher magnification so as to show the detailed stnic- 
ture of the derma. The upper portion of the picture is occupied by 
the lower end of a scale. We have not yet identified in fish skin the 
machinery of a thermostat layer like that common to the skins of 
mammals and, being cold blooded, they probably have none. Instead 
of interlacing bundles of collagen fibers, ribbons of collagen runniia; 
parallel to the surface make up the major portion of the skin. These 
ribbons do not interlace, but here and there we note bands of collagen 
running vertically through the skin. This adds greatly to the strength 
of the skin and prevents the distortion made possible in a vertical 
direction where all the fibers or ribbons run horizontally. 

A section of tanned salmon skin, with the epidermal system com- 
pletely removed, is shown in Fig. io8 of Chapter 13. This leather is 
purposely shown in the unfinished state because the structure is thus 
shown more clearly. In finishing such leather, either the loose, upper 
portion is rolled out smoothly and coated with a finishing material or 
it is shaved off and the under portion is treated with a suitable finish 
and embossed or plated. 


Other Skins. 

The descriptions of skin structure given above are the result <»f 
an investigation still in progress and far from complete. But it appears 
that what has thus far been accomplished represents a real advance 
and that it is desirable to present as much as possible of what has 
been learned to date, even though the subject is incomplete. In the 
chapters on tanning, sections of leather appear which were made from 
skins of which we have not yet made a study. These may profitably he 
consulted in connection with the study of histology. 

In Fig. no is shown a section of alligator leather. The structure 
of the fibers, or ribbons, in many ways resemble those of the fishes. 
A somewhat similar structure may be noted in the section of shark 
leather in Fig. 109. The uninviting hooks on the surface of the shark 
leather are hardly visible to the naked eye and give the leather a harsh 
feel. There are, of course, many kinds of sharks and it is not cus- 
tomary to leave these hooks on the leathers placed on the market. The 
fibrous structure of the horned-toad leather shown in Fig. iii also 
resembles that of the fishes. In contrast to the -smaller skins is the 
section of hippopotamus leather shown in Figs. 115 and 116. Other 
interesting types of leather are those of the camel and walrus, shown 
in Figs. 1 12, 1 1 3, and 114. 



Chapter 3 . 

Chemical Constituents of Skin. 


By far the greater portion of the solid matter of the skin con- 
sists of protein matter. The proteins form one of the most important 
;iml complex groups of organic compounds and are remarkable for 
the iifHiiber of general physical and chemical properties which they 
possess in common and the extreme difficulty of making quantitative 
separations of the several members of any one group. They all con- 
tain carbon, hydrogen, nitrogen, and oxygen, and many of them also 
contain sulfur and phosphorus. They are all amphoteric, combining 
with both acids and bases, and those that do not dissolve in water 
swell by absorbing water. They are more or less readily hydrolyzed 
hy boiling acid or 'alkaline solutions or by appropriate solutions of 
enzymes. Hydrolysis proceeds in steps yielding in turn bodies of 
decreasing complexity, the proteoses, peptones, polypeptides, and finally 
dinplc amino acids. Amines and ammonia arc often found among the 
various hydrolytic products. The following amino acids have been 
isolated and identified from the hydrolytic products of dilTercnt 
proteins: ^ 

1. Glycine, aminoacetic acid, NHg.CHg.COOH. 

2. Alanine, a-amhw propionic acid, CH3.CH(NIT2) .COOII. 

3. Valine, a-aminoisovalcriank acid, (CH.la: Cll.CllfNlI.) . 

COOH. 

4. Leucine, a-aminoisocaproic acid (CH.5)2:C1I.CIL.CII(NIL). 

CO9H. 

5 - Isoleucine, a-amino^^-methyl-^-etliyl propionic acid. (CH-i.CH. 

C2H5),CH(NH2).C00H. 

6. Phenylalanine, ^-phenyl-tX’amino propionic acid, CbIL.CIL. 

CH(NH,).COOH. 

7. Tyrosine, ^-parahydroxyphenyl-a-amino propionic acid, HO. 

QH,.CH2..CH(NH2).C00H. 

o- Serine, fi-hydroxy-a-amino propionic acid, CH,(OH).CH 
(NH,).COOH. 

9 * Cystine, di-‘{^-thio-a-amino propionic acid), HOOC.CHfNH,). 

CH, . S-S . CH2 . CH ( NH2 ) . COOH. 

10- Aspartic acid, aminosuccinic acid, HOOC.CH^.CHfNHO . 

COOH. 

Co., Constitution of the Proteins. R. H. A. Plimmer, Longmans, Green & 
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n. Glutamic acid, n-nminnqhilark add, HOOC.CIT-. .CH., .Cl I 
(NH2).C00II. 

12. Arginine, a-amino-h-guanidincvalerianic acid, HN:(C.NH.,) 

NH . CH^ . CHj . CHj . CH ( NH2 ) . COOH. 

13. Lysine, a-E-diaminocaproic acid, NHz.CHo.CHj.CH-.CH.. 

CH(NH2).COOH. • 

14. Ca.seinic acid, diaminotrioxydodecanic acid, CijHjoNjOj. 

15. Histidine, ^-iminasolyl-a-aminopropionic acid, 

CH 

/\ 

N NH 

Hc: = c.cHjCH(nh2).cooh. 

16. Proline, a-pyrrolidinecarhoxylic acid, 

HjC-CH, 


H,C CH.COOH. 

\/ 

NH 


17. Oxyproline, oxypyrrolidinecarbo.xylic acid, CjHoNO,. 

18. Tryptophane, ^-indole-a-atninopro picnic acid, 

NH 

HC'^C.H^ 

\/ 

C.CH,.CH(NHJ.COOH. 

Under suitable conditions, amino acids can be made to combine 
with each other by removing the elements of water, the amino group 
of one combining wdth the carboxyl group of another, thus 

CH..CH(NH,) .COOH + NH^.CHj.COOH = CH^.CHfNH ) 
CO.NH.CH,.COOH+HA ^ ^ 


A combination of two amino acids is called a diiwptide, one of three a 
tripeptide, etc. Fischer ^ succeeded in preparing the octadecapeptidc 


NHj . CH(C,H.) . CO . [NHCH2CO], 
[NHCH^CO], . NH . CH (QHA . 
CH,.COOH, 


. NH . CHCQH,) . CO. 
C 0 .[NHCH 2 C 0 ],.NH . 


which contains 15 glycine and 3 leucine residues and has a molecular 
weight of 1213. It gives the biuret test for protein, is precipitated from 
solution by tannin, and would have been classed as a protein had it 
been found in nature. Later Abderhalden and Fodor ' succeeded in 
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ntoparin^ a |X)Iyi:)epti(ie containing 15 glycine and 4 Iciicinc residues 
niifl having a molecular weight of 1326. 

The close resemblance of the more complex ix)lypcptidcs to the 
natural proteins and to their first products of decomix^sition. the pro- 
i<,,ses and |X?ptones, and the fact that all proteins yield amino acids 
ii|>nn complete hydrolysis have established the view that the general 
Miuctiire of proteins is at least similar to that of the jx^lypcptidcs. 
The al)ove list of amino acids indicates the tremendous number of |X)s- 
sihlc combinations to form proteins and of the isomeric forms that 
aiiv individual protein may have. 

The generally accepted methods of classifying proteins are based 
lip)!! differences in solubility, speed of hydrolysis, and precipitability 
under definite conditions. Rut, since a small amount of foreign matter 
may alter these properties entirely for a given protein and because of 
the difficulty of separating and purifying proteins, this system of 
I lassification is not wholly satisfactory, although it is, jxirhaps, the 
1){ ^t available at the present time. The common names applied to pro- 
teins, such as keratin, albumin, etc., do not represent individual sub- 
vtauces, but groups of closely related proteins whose quantitative 
reparation is very difficult. 

The most important classes of skin proteins, in the order of in- 
cieasing importance to the tanner, are the mucins, albumins, globulins, 
inelanins, keratins, elastins, the unnamed proteins of the grain surface, 
and the collagens. Except in the case of fur skins, the first five classes 
are of importance only because they must be removed from the skin 
prior to tanning, without injuring the remaining protein matter. In 
general, the albumins are the only skin proteins soluble in pure water. 

I he globulins are soluble in dilute salt solutions and the mucins and 
melaniiis in dilute alkalies. The four remaining classes, which belong 
i<' the general group of proteins known as albuminoids, are insoluble in 
dilute solutions of acids, bases, or salts at room temperature, but all are 
dissolved and hydrolyzed by boiling solutions of concentrated acids or 
■dkalies. The keratins are dissolved by strongly alkaline solutions be- 
I'Tc the remaining three classes are seriously attacked and the elastins 
<ne easily dissolved by trypsin before any injury is done to the collagen 
"I' grain surface. In boiling water, the collagen goes into solution as 
gelatin, leaving behind a residue of elastin and the proteins of the grain 
surface. 

1 he albumins and globulins are found in the blood and lymph of the 
>kin and also in the fluids of the muscles and nerves. By extracting 
lH)\vdered dog skin with a lo-per cent solution of sodium chloride, 
under toluene at 37° C., Rosenthal * obtained a quantity of albumins and 
globulins which, upon coagulating, washing with water, alcohol, and 
etlier, and drying, gave a weight equal to 24 per cent of the total protein 

"Mhe skin. But a yield of only 4.2 t)er cent was obtained from calf 

"Kin. 

ihe albumins are soluble in pure water or in dilute solutions of 

463. Studies of Skin. G. J, Ko»entl>al. /. Am. Leather Chem. Assoc, ii (1916), 
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acids, bases, and salts, but arc precipitated by the addition of con- 
centrated mineral acid or by saturating a weakly acid solution with salt. 
Their solutions coagulate upon boiling, in the presence of a small 
amount of salt. 

The globulins generally are insoluble in pure water at the neutral 
point, but dissolve in dilute neutral salt solutions, from which they can 
be precipitated by sufficient dilution or by saturating the solution with 
salt, being most readily soluble in salt solutions of moderate conctn. 
tration. They dissolve freely in dilute solutions of acids and alkalies, 
Like albumins, their solutions coagulate upon heating. Fibrinogen, an 
im|X)rtant constituent of the blood, is usually classed as a globulin, hut 
differs from serum globulin in being precipitated from solution by a 
lesser concentration of neutral salt and of coagulating at a lower temj)er- 
ature. It tends to clot upon exposure to air, forming the insoluble 
protein fibrin, which action is favored by rise of temperature or agita- 
tion and is hindered by cooling or the addition of acids, alkalies, or 
concentrated salt solutions. The clotting action is supposed to be due 
to the action of an enzyme, thrombin, which is not a normal constitucut 
of blood, but which is formed from the leucocytes and blood plates in 
the presence of calcium salts. 

The mucins are conjugated proteins, of the group known as glyco- 
proteins, containing both protein and carbohydrate groups in their 
molecules. They are insoluble in pure water, but, in faintly alkaline 
solution, give mucilaginous solutions which are precipitated by the addi- 
tion of acid. It is questionable whether mucins are abundant in the 
skins of mammals. It has often been assumed that the mucins form 
the elusive ^'interfibrillary cementing substance” of the skin, but the 
existence of a cementing substance in the fibers, other than collagen 
itself, has not been clearly demonstrated. 

Rosenthal® extracted calf skin, previously freed from albumins and 
globulins, with half -saturated lime water under toluene. Upon render- 
ing the extract acid with hydrochloric, protein matter was precipitated, 
which was washed with dilute acid, water, alcohol, and ether, and 
dried and weighed. The yield of protein, which he called mucoid, 
equalled about 2.7 per cent of the total protein matter of the skin. 
The yield from the solid part of the butt was 4.8 per cent against only 
1.2 per cent for the loose portions of the belly. Although mucoids 
are dissolved by dilute alkalies and precipitated by rendering the solu- 
tion acid, doubt is thrown on Rosenthal’s interpretation of his results 
by the exi)criments of Thompson and Atkin,® who showed that hair 
and wool are partly dissolved by lime liquors and that some of the 
matter dissolved is precipitated by rendering the solution slightly acid. 
Since the newly formed epithelial cells are very much more easily at- 
tacked than hair and wool, much of the material isolated by Rosenthal 
may actually have been derived from this source. 

No very sharp line of distinction can be drawn between the mucins 


*Loc, a/. 

•Nol^ on the Analysis of Lime Liquors. F. C. Thompson and W. R. Atkin. /. Soc- 
Leather Trades Chem, 4 (1920), 15. 
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uid the mucoids. Hammarsten ^ differentiates between them as follows : 
“The true mucins are characterized by the fact that their natural solu- 
ti.ins, or solutions prepared by the aid of a trace of alkali, are mu- 
lila^hnous, ropy, and give a precipitate with acetic acid which is 
insululile in excess of acid or soluble only with great difficulty. The 
mucoids do not show these physical properties, and have other solu- 
l)ilities and precipitation properties.*' 

The melanins are proteins of intense color, usually reddish-brown 
to black, constituting the pigment of the hair and epithelial cells. They 
arc insoluble in water and dilute acids, as a rule, but dissolve more 
(,r less readily in dilute alkalies. They may be extracted with boiling 
dilute alkali and precipitated by the addition of acid. They contain 
\arial)le amounts of iron and sulfur in combination. 

d'he origin of the melanins is not known with certainty, although 
it seems probable that they are derived from the blood and lymph, 
riieir development is accelerated by frequent ex|)osure to strong sun- 
lielit. Prolonged exposure is followed by a rush of blood to the skin 
and the production of pigment to protect the tissues against the action 
(if the intense light. This shows itself in the apparent darkening of 
the color of the skin. The coloring matter of the blood, hemoglobin, 
belongs to the class of conjugated proteins known as chromoproteins 
and, like the melanins, also contains iron and sulfur. 

That the blood and lymph contain substances capable of reading 
to j)roduce deeply colored bodies is well appreciated by the tanners. 
Skins from which the blood and lymph have not been washed arc 
liable to develop stains very difficult to remove, unless sj^iecial pre- 
cautions are taken, which will be discussed in Chapter 6 in connection 
with the preservation of skin to be kept for a considerable period 
before tanning. 

I'he chief constituent of the epidermal system, including the epi- 
dermis, hair, and epithelial cells of the glands, is the class of proteins 
known as keratin. The general method of preparing this material for 
examination is to boil the finely divided sample containing it with 
water and then to digest the residue with an acid pepsin solution fol- 
lowed by an alkaline trypsin solution and then to wash it thoroughly 
with water, alcohol, and finally with ether. 

Keratin differs chemically from other classes of proteins in yield- 
mg a comparatively large amount of cystine, upon hydrolysis. In the 
following table are given the yields of amino acids obtained from 
keratins from different sources along with those from samples of 
Hast in and collagen, or gelatin. The differences shown by keratins 
different sources is interesting, but each sample analyzed probably 
j insisted of a mixture of different keratins more or less contaminated 
by other proteins. 

Keratin prepared in the manner described above is naturally very 
j'^‘>istant to the action of dilute acids and alkalies, pepsin, trypsin, and 
^^^ding water, but it is dissolved by strong alkalies and by water heated 

'‘i Hammarsten. Translation by J. A. Man(Jcl. John Wiley 
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TABLE I. 

Per Cent Amino Acid Obtained from 


Amino Acid 

Horse 

Hair’ 

Keratin 

Sheep 

Wool* 

, from 
Sheep 
Horn* 

Goose 
Feathers “ 

Elastin 

Collate 

or 

Gelatin 

Glycine 

Alanine 

.... 47 

0.6 

0.5 

2.6 

25.8 

25.5 

.... 1.5 

4-4 

1.6 

1.8 

6.6 

87 

Valine 

.... 0.9 

2.8 

4.5 

0.5 

I.O 

0.0 

Leucine 

.... 7.1 

11.5 

15.3 

8.0 

21. 1 

7.1 

Serine 

0.6 

O.I 

1. 1 

0.4 


0.4 

Aspartic acid — 

.... 0.3 

2.3 

2-5 

1. 1 

0.8 

3-4 

Glutamic acid 

.... 37 

12,9 

17.2 

2.3 

5.8 

Cystine 

.... 8.0 

7.3 

7.5 




Phenylalanine 

Tyrosine 

.... 0.0 


1.9 

0.0 

3.9 

1.4 

.... 3.2 

2.9 

3.6 

3.6 

0.3 

O.oi 

Proline 

.... 3 4 

4.4 

3.7 

3-5 

17 

9.5 

Oxyproline 




. .. 

14.1 

Histidine 

.... 0.6 

• •• 




O.Q 

Arginine 

.... 4-5 

. 

2.7 


0.3 

8.2 

Lysine 

I, I 


0.2 



5-9 


to 150° C. under pressure. The method of preparation may be criticized 
on the ground that it does not include young keratin. On the other 
hand, it may be contended that tlie proteins of newly formed epithelial 
cells are not keratins at first, but are later converted into keratins. 
However, the changes in properties with age are so gradual as to make 
it almost impossible to draw any sharp line of demarcation. This 
is a good example of the difficulty of trying to classify proteins strictly 
according to properties. The cells of the Malpighian layer of the 
epidermis are readily attacked by trypsin and by solutions of ammonia, 
but become very much more resistant as they are pushed upward intc 
the corneous layer. 

In the stratum gramlosum of the epidermis, the protoplasm of 
the epithelial cells has dried up and appears like granules inside of 
the cells. Walker regards these granules as consisting of two sub- 
stances, keratohyalin and eleidin, presumably stages in the transforma- 
tion of the protoplasm into the wax and fatty material with which 
the cells of the corneous layer of the epidermis are loaded. 

The yellow, elastic fibers interlacing the outer layers of the derma 
and enveloping the nerves and blood vessels are made up of a class 
of proteins called elastin. The tendons of the body have been the chief 
source of elastin used for study, in particular the ligamentum nucluc, 
the tendon at the back of the head of the ox. F. L. Seymour-Jones 
found that a piece of ligamentum nuchce of about i square centimeter 
cross section gave on a testing machine an extension of 150 per cent 
before breaking, the strain being too small to measure; less than 5 ll)s. 


* Abderhalden and Wells. Z. physiol. Chem. 46 (1905), 31. 

• .Abderhalden and Voitinovici. Ibid., 52 (1907), 348. 

Abderhaldcn and Lc Count. Ibid., 48 (1905), 40. 

Abdcriialden. Lehrbucli der physiol. Chem. (1909). 

•*H. D. Dakin. J. Biol Chem. 44 (19^0), 524. 

Dermatology. N, Walker, Wm. Wood a Co., New York. 

»»rhemical Constituents of Skin. F. L. Seymour-Jones. J. Ind. Eng. Chem. 14 (1922), 
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(r- also found that the tendon was slowly digested hy lime water, 
..hhoindi the action may have been due to bacteria. 

•hstin may be prepared for study by extracting this tendon with 
Mute sodium chloride solution, washing and then boiling it with water, 
tlicn with a i-per cent solution of potassium hydroxide, again wit i 
n er and therwith acetic acid. The residue is then treated wi h 
ll r-ner cent solution of hydrochloric acid for 24 hours thoroughly 
u , shed with water, boiled again with water, and then washed with al- 
oihol and ether and dried. It then has a yellowish-white appearance 
It is not dissolved by boiling water nor by acids and alkalies 111 the 
nhl but is easily dissolved by concentrated mineral acids upon heating. 

I lie' yields of the different amino acids from a sample of elastin are 

‘'i\cn in 1 able I. . , . r 1 * 1 

' It is of course, not safe to assume that elastin from skin has 

cN ictly the same properties as that from other parts of the body, but 
the difficulty of isolating some of the skin proteins for study has 
it desirable to investigate proteins of the same general classes 
t„„n parts of the body where they are more easily available, if on y 
M "ct a suggestion of the properties of the skin proteins. Actua ly 
wc'^do iind that the elastin of skin behaves much like that from the 
loiamcnturn nuchcc, being resistant to boiling water and to cold so 11- 
i,;,ns of acids and alkalies. In glue manufacture, much of the elastin 
iLinains in the scutch or residue left after boiling the skin in water 
Hv examining sections of skin under the microscope, after special 
ircatinents, we have found that the elastin fibers are not appreciably 
attacked by dilute solutions of acids and alkalies or by tannery lime 
hiittors, but are easily dissolved by neutral trypsin solutions, ihese 
iihers apparently act so as to resist an increase m area of the gram 


Mir face of the skin. 

ihe proteins of the grain surface are remarkably resistant to 
most of the ordinary chemical reagents. The thin libers of this surface 
are nut dissolved by solutions of caustic alkalies sufficiently strong 
to destroy the collagen fibers, epidermis and hair. In boiling water, 
they evidently undergo some change in composition, but remain un- 
dissolved in the form of a thin sheet while the collagen passes into 
dilution as gelatin. They are apparently unaffected by trypsin solu- 
tions strong enough to dissolve all of the elastin fibers beneath them, 
hut in contact with water having a pH value of about 6, they are easily 
attacked and liquefied by putrefactive bacteria, although this action 
can be checked by the addition of a sufficient amount of acid, alkali, 


These fibers represent only a very small proportion of the skin 
l>y weight, but they are of great importance because they form the 
^raiu surface of finished leather, giving it its characteristic appearance. 
Hieir position in the grain surface is shown in big. 150 of Chapter 16. 
In tanning and dyeing, they take a color different from that assumed 
by the collagen fibers, which is noticeable when leather is cut. Any 
damage to the grain surface reduces the selling value of the leather 
materially. 
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Collagen is the most abundant protein of the skin and the one 
of greatest importance to the tanner, since it is the basis of leather. 
It constitutes the bulk of the substance of the white fibers of the 
connective tissues of the derma. 

Collagen can be prepared for study from fresh skin by removing 
the other constituents. The adipose tissue is carefully cut away and the 
skin thoroughly washed. It is then extracted with several changes 
of lo-per cent sodium chloride solution, in a closed jar set in a 
tumbling machine, or agitator, in order to remove the soluble protein 
matter. It is then put back into the same jar with a one-tenth-per cent 
solution of sodium sulfide containing lime well in excess of saturation 
and tumbled occasionally for several days, or until the hair is quite 
loose. 

The hair and epidermal matters are then removed by scraping tin 
grain surface with a knife blade. The entire grain surface is then 
cut away, preferably on a splitting machine. The skin is then washed 
thoroughly to remove most of the lime and is then digested for 5 
hours at 40° C. with a solution containing i gram of U. S. P. pancreatiii. 
2,8 grams of monosodium phosphate, and 18 cubic centimeters of molar 
sodium hydroxide per liter. This removes all of the elastin fibers. 
The skin is then cut into small pieces and put into a jar of water 
equipi)ed with a stirring device. Hydrochloric acid is added at such 
rate as to maintain the solution just faintly acid to methyl orange. 
When no more acid is required, the pieces are left to wash in running 
tap water over night. Next day they are soaked in several changes of 
alcohol to remove the water and then in xylene, after which they arc 
pix)sed to air until the xylene has evaporated. They are then ground 
in a mill to a fibrous powder. Collagen thus prepared is known as 
hide powder. 

Upon heating with water to 70® C., collagen slowly passes into 
solution as gelatin. But just what relation gelatin bears to its parent 
substance collagen is not known with certainty. Hofmeister^® sug~ 
gested that collagen is an anhydride of gelatin and that the change from 
one to the other is reversible, collagen being regenerated by drying 
gelatin at 130° C. This heating changes the properties of gelatin so 
that it swells in water to a lesser extent than before and passes into 
solution with greater difficulty. In commenting upon Hofmeister’s 
work, Alexander^® says “It is extremely doubtful if collagen is re- 
generated under these conditions, the more probable explanation being 
that, upon driving oflf the water, the constituent particles of the gelatin 
approach so close as to form an irreversible gel, thus rendering it 
insoluble.’^ 

C. R. Smith found that gelatin dried at 100® C. and then heated 
to 128*^ loses 1.25 per cent in weight. It then swells very slowly 
and dissolves in water at 35® to 40°, with nearly complete restoration 
of its jellying power. He concedes that gelatin dried at 128*" may 

**Z. physiol. Chem. a (1878), 299. 

Allen’s Commercial Organic Analysis. Vol. 8 (1913), p. 586. 

« Mutarotation of Gelatin and Its Significance in Gelation. C. R. Smith. /. Am. Chem. 
Soc. 41 (1919). > 35 . 
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I . converted into collagen, but that collagen itself may represent a 
t, rin of gelatin which is difficult to disperse. Emmett and Gies,'“ 
,,i'i the other hand, suggest that the conversion of collagen into gelatin 
iiivolves an intramolecular rearrangement. 

riimnier‘“ says “thcfee proteins which are resistant to the action 
f trvpsin until they have been acted uix)n by pepsin will have all 
liioir units contained in the anhydride ring.” Gelatin is easily hydro- 
Ivzcd by either pepsin or trypsin, while it has been generally believed 
,lnt collagen is hydrolyzed by pepsin, but not by trypsin. This led 
ihc author** to suggest that Plimmer’s statement corroborated llof- 
imiMer's view of the anhydride structure of collagen. Hut Thomas 
and .Seymour-Jones *‘ have recently 
.kinonstrated that collagen is at- 
tacked by trypsin under the right 
cuiulitions. The erroneous view that 
c.illagen is resistant to tryptic diges- , ^ 
non unless previously swollen with g 
ai id or alkali dates back to a series & 
of studies by Kuhne,** Ewald and ^ 

Knhnc,** and Ewald, which were 5 o 
based only uixin qualitative observa- g 

ticDS. • ® 

Thomas and Seymour- Jones w 
tiiuiid that trypsin aqts most rapidly ^ ® 
upon collagen at a pH value of 5-9 § ^ 

and that the action is not appreciably | 
accelerated by soaking the protein | ^ 
previously in solutions of higher 
nr lower pH values such that the o 
protein is not actually hydrolyzed 
liy the acid or alkali. In studying 
the efTects of time and concentra- 
non of enzyme upon the digestion 

ol hide powder by trypsin, they by trypsin as a function of 

adopted the following precedure. time. 

In each experiment 0.5 gram of 

liide [>owder was placed in a centrifuge tube having a capacity of 10 
cubic centimeters and a conical bottom graduated in units of o.i cubic 
centimeter. In order to bring the hide powder to the optimum pH value, 
they covered it with 5 cubic centimeters of a phosphate buffer solution 
having a pH value of 5.9 and a few drops of toluene to check bacterial 
■action. The tube was shaken for 3 hours, then centrifuged for 20 min- 
utes at 1000 times gravity, and the volume of hide powder read from the 
\* J. Biol Chem. 3 ( 1907 ), 33 . 

loc. at. . 

^ Theories of Leather Chemistry. J. A. Wilson. /. Am, Leather Chem. Assoc. 12 
^'917). 108. , . 

» Hydrolysis of Collagen by Trypsin. A. W. Thoma.s and F. I.. Scymour-Jones. . 1 . Am. 
< Soc. (1923); Dissertation, F. L. Seymour- Jones. Columhi.i University, 1923- 
\V. Kuhne. Verhesnde. Naturhist. Med. V er , Heidelberg, i (1887), 198. 
f'A. Kwald and W. Kuhne. Ibid., 1 (1887), 451. 

■* A. Ewald. 2 . Biol 26 (1890), i. 
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graduations in the tube. The supernatant liquor was then run away aiK 
replaced by 5 cubic centimeters of trypsin solution having a pH value (,; 
5.9 or by the buffer solution where a blank was being run. Toluene wa: 
added in every case as a safeguard. The solution was shaken in a tlu 1 
mostat at 40° C. for a stated length of time and then centrifuged and th^ 
volume of hide powder again read, the loss in volume being taken as a 
measure of the amount of hide powder dissolved. 

The rate of digestion of hide powder by a 0.5-per cent try[)sin 
solution is shown in Fig. 37 as a function of the time. With a solu 
tion so concentrated in enzyme, hydrolysis takes place extrenicK 

rapidly. It is interesting to iiuk 
also the steady hydrolysis in ilit- 
blank (without enzyme) at 40' ( , 
In Fig. 38 are shown the ratl^ 
of digestion of fine and coarse liidi 
powders as functions of the conccn 
tration of enzyme. The fine pow- 
der consisted of the portion passin- 
through a sieve of 34 meshes to ik 
inch and the coarse powder of tlw 
portion retained by the sieve. A 
much longer time is required 
hydrolyze the coarse powder, as wa> 
expected. In Chapter 8 it will U- 
shown that a concentrated solution 
of trypsin produces marked hydro- 
lysis of calf skin only after actiiii; 
for nearly 40 hours. Here the time 
required for diffusion of the en- 
zyme into the skin and complica- 
tions due to the presence of protein 
matter other than collagen play a 
part. In the method described abow 
for preparing collagen for study, tlie 
action of the enzyme does not result 
in any very serious loss of collagen, but all of the elastin is digested. 

Collagen is hydrolyzed by concentrated solutions of acids and alkalies 
in the cold, if sufficient time is allowed. Upon heating the solutions, 
the hydrolysis proceeds rapidly. In a study of the hydrolysis of 
gelatin by acids, alkalies, pepsin, and trypsin, Northrop^® found that 
the course of the early stages of hydrolysis is similar with alkali, 
trypsin, and pepsin, but quite different with acid. He made a com 
parison of the relative velocities of hydrolysis of the various peptide 
linkings and observed the following important facts. Those linkages 
which are hydrolyzed by pepsin are also hydrolyzed by trypsin, but 
trypsin hydrolyzes linkages which are not attacked by pepsin. Of 
the linkages hydrolyzed by both enzymes, those most rapidly hydrolyzed 

••Comparative Hydrolysis of Gelatin by Pepsin, Trypsin, Acid, and Alkali. J. H 
Northrop. J, Central Physiol. 4 (ipai), 57. 



Fig. 38 .~-Rates of digestion of fine 
and coarse hide powders as func- 
tions of the concentration of tryp- 
sin. 
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l,v |)epsin are only slowly attacked by trypsin. Those linkages which are 
most rapidly split by pepsin or trypsin are among the more resistant 
to acid hydrolysis and least resistant to hydrolysis by alkali. 

I'he chemistry of collagen and gelatin forms so large a ix)rtion of 
the chemistry of leather manufacture that further treatment must be 
reserved for the appropriate chapters. 

The skin contains a number of non-protein substances in the blood, 
Ivniph, and gland secretions. The blood and lymph contain sugars, 
salts, particularly the phosphates, carbonates, sulfates, and chlorides of 
sodium and potassium, and fatty matters, including cholesterols and the 
lecithins, which are phosphorous compounds of fats often existing in 
loose combination with proteins. Sodium chloride is the chief con- 
stituent of perspiration, which also contains sulfates, phosphates, and 
urea, and sometimes sebum. Sebum, the secretion of the sebaceous 
glands, consists of cholesterols, complex oleins, higlier alcohols, and 
soaps, and is usually found contaminated with epithelial cells, probably 
those of the sebaceous glands furnishing the sebum. 



Chapter 4. 

Ionization of Acids and Bases Commonly Used 
in the Tannery. 


Of vital importance in the use of tannery liquors is the control of 
hydrogen-ion and hydroxide-ion concentrations. Irregular variations 
in these concentrations are almost certain to result in corre.spondint; 
irregularities in the proixjrties of the leather produced. By juggling 
the methods of operation until a nearly uniform product was obtained 
and then rigidly adhering to a developed process, tanners long ago 
ix*rfected means for keeping hydrogen-ion concentrations reasonabl}' 
well under control, although without any appreciation as to why cer- 
tain steps had to be followed. If liquors suddenly became infected 
with acid-producing ferments, or got beyond the control of the operator 
from other causes, the result was apt to be disastrous unless the tanner 
had learned from similar experiences how to correct the trouble. 

Many of the pioneers who attempted to introduce chemical methods 
to the industry were handicapped by their inability to compare the 
activities of acids or bases of different strengths. Too much reliance 
upon the total concentration of acid, with little or no appreciation 
of its degree of ionization, has often proved very misleading. It is 
still not uncommon to find expensive acids being used where cheaper 
ones would serve the purpose as well or better. Even where an operator 
had come to appreciate that the determining factor was the hydrogen- 
ion concentration rather than the total titrable acidity, he was often 
without the means for determining hydrogen-ion concentrations and 
there were no easily available figures showing the degrees of ionization 
of the commoner acids and bases at different concentrations. In order 
to remedy this situation, Thomas^ computed and compiled from the 
literature a series of tables showing the degrees of ionization of a 
number of acids and bases commonly used in the tannery; a range from 
0.001 to 2 molar is covered. These tables are incorporated in this 
chapter because it is believed they will make certain portions of the 
book more readily comprehensible to a greater number of readers and 
will prove of great value for reference in experimental work on leather 
manufacture. 

In making the calculations, Thomas used two modes of procedure. 
For the weak acids the concentrations of hydrogen ion have been cal- 


' Tabulation of Hydrogen and Hydroxyl Ion Concentrations of Some Acids and Bases. 
A. W. Thomas. J. Am. Leather Chem. Assoc. 15 (1920), 133. 
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iihlcd from tlie ionization constants ((fcterniincd by conductivity 
iticasiircnierits) by means of Ostwald’s dilution law, 

K-— i— 

V{i-a) 

where K is the ionization constant, V the volume in which i gram 
molecular weight is dissolved, and a the degree of ionization, lly 
rearrangement of the equation, we get 

— KV+ VK"V 2 + 4KV 

a ~ 

2 

r.ut, since the value of K^V- is negligible compared to KV, it can he 
(Inipped for the purpose of making the calculations. 'Fhc following 
exiircssion, therefore, was used : 

Per cent ionization ~ looVKV — soKV. 

For the strong acids, the experimentally determined values for lood 
at various concentrations were found in the literature. Tlicse were 
plotted against values for logV and a smooth curve was drawn through 
the ixdnts. The desired values were then read from the curve. The 
li\(lroxide-ion concentrations of bases were obtained similarly. 

The figures in the tables may be in error as much as 5 i)er cent, 
(‘sl>ecially in the cases of the strong acids and bases, but they arc 
the best obtainable at this time, d'hey were obtained from conductivity 
<lata and not from measurements by the hydrogen electrode. 


Acids. 


Acetic Acid. — Values calculated from the ex^x^rimentally detcr- 
inined figures of Kendall.^ 

Boric Acid, — Calculated from K = 6.6 X 10 at 25'^ C. by Lun- 
<leii.'* 0.8 molar is saturated solution and since this acid is exceedingly 
\'eak, only the concentrations at 0.8, o.i, o.oi, and o.ooi molar are 
;^iven in the table. 

Butyric Acid. — For concentrations 2 to o.i molar, calculated from 
K 1.49 X 10’® at 25° by Ostwald.* From 0.1 to 0.001 molar 
calculated from Ostwald’s experimental values. 

Carbonic Acid. — This acid is very weak and its concentration in 
^<»liition depends upon the pressure of carbon dioxide on the surface 

tlic solution. - For this reason no special table was prepared and 
only two significant concentrations are given here, taken from Kendall."' 
At 25° the solubility of carbon dioxide in water at l atmosphere of 
r>ressure of carbon dioxide is 0.0337 The carbonic 

acid in this solution is 0.33 per cent ionized and hence its concentra- 


‘^cdd. Vetenskapsakad. Nohelinst. Band 2, 
*7 5 (^907), 574. 

3 (1889), 170. 

J- Am. Chem. Soc. 38 (1916), 1481. 
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tion of hydrogen ion is o.oooii mole per liter, representing a pH value 
of 3.96. Under ordinary conditions, the partial pressure of carbon 
dioxide in the air is 0.000353 atmosphere, at which pressure carbon 
dioxide is soluble to the extent of 0.00001 19 mole per liter, yielding a 
hydrogen-ion concentration of 0.000002 mole per liter or a pH value 
of 5.70. 

Citric Acid. — For 2 to 0.4 molar, the values of Kendall, Booge and 
Andrews® are given. From 0.4 to o.i molar, the values are ex- 
trapolated. From o.oi to 0.001 molar, the concentrations are calculated 
from the measurements of Walden.'^ 

Formic Acid. — From 2 to o.i molar, the values are calculated from 
K”2 i.4X io"*^ at 25^^, as given by Ostwald.** From 0.1 to 0.001 
molar, they are calculated from Ostwald's experimental determinations. 

Gallic Acid. — From i to 0.03 molar, values are calculated from 
K 4.0 X iO“®, as given by Ostwald.® From 0.03 to 0.001 molar, 
values are calculated from Ostwald's experimental values. 

Hydrochloric Acid. — The figures for 2 to 0.5 molar are from 
Jones.® Those for 0.5 to 0.001 molar are calculated from Kohl- 
rausch’s ex|xjrimentally determined values. 

Lactic Acid.— The figures for 2 to 0.1 molar are based upon the 
figures of Kendall, Booge and Andrews;® those for 0.1 to 0.001 molar 
are calculated from the experimental values of Ostwald.® 

Nitric Acid. — The 2 to i molar values are taken from Jones ; ® those 
for 0.5 to 0.001 molar are calculated from Kohlrausch’s data. 

Oxalic Acid. — The only data available are those of Ostwald,® cover- 
ing the range only from 0.03 to 0.004 niolar. This acid is too highly 
ionized to permit calculations by the dilution law. 

Phosphoric Acid.— Figures for 2 to 0.1 molar are calculated from 
the data of Kendall, Booge and Andrews;® those from 0.1 to 0.001 
molar from the experimental data of Noyes and Eastman.^^ 

Salicylic Acid. — Values are based upon the experimental data of 
Kendall. 0.0167 niolar represents the limit of solubility. 

Sulfuric Acid.— The figures for 2 to i molar are from Jones ; 
those for 0.5 to 0.001 molar from the experimental data of Kohlrausch.’® 
Tartaric Acid.— From 2 to 0.04 molar, the figures are calculated 
from the data of Kendall, Booge and Andrews;® from 0.04 to 0.00 r 
molar, they are calculated from Ostwald's ® exj^erimental data. 


3ases. 


Ammonium Hydroxide. — The figures for this weak base are calcu- 
lated, by means of the dilution law, from K = 1.8 X lor® at 25® C. as 
given by Noyes, Kato and Sosman.^^ ’ 

Barium Hydroxide.— The only available data for this base are 


' Z, phystk, Chem. lo (1892), 568. 

• 2 . phynk. Chem, 3 (1889), 241. 

•Carnegie Inst. Publ., No. 60 (1907), 93. 

Morgan’s Elements of Physical Chemistry, 
“ Carnegie Inst. Publ., No. 63 (1907), 368. 
’• 2 . physik. Chem. 73 (1910), j. 


4th edition (1908), $19. 
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of Noyes and Eastman/^ which range from o.ooi to 0.05 molar, 
iiMMti which the calculations in the table are based. 

Calcium Hydroxide. — No series of experimental data for this base 
n uld be found, but it is so similar to barium hydroxide that prob- 
aMv no great error would arise from the use of the barium hydroxide 
t'murcs. 

Potassium Hydroxide. — The 2 molar value is from Jones.® Values 
for I to 04 molar and from 0.03 to 0.001 molar are calculated from 
Kohlrausch’s data; those between 0.4 and 0.03 molar are obtained 
|)v extraiX)Iation. 

Sodium Hydroxide.— -The 2 molar figure is from Jones;® the 
Olliers are from Kohlrausch’s data. 


Order of Strengths. 

lasting the acids in order of increasing strength, or hydrogen-ion 
aelivitics, we have 

Boric 

Carbonic 

Butyric 

Acetic 

Gallic 

Lactic 

Formic 

Citric 

Tartaric 

wSalicylic 

Phosphoric 

Oxalic 

Sulfuric 

Nitric, Hydrochloric 

• ’"l ie is the weakest acid in the list and hydrochloric and nitric are the 

strongest. 

1 he bases in order of decreasing hydroxide-ion activity arc 

Potassium hydroxide 
Sodium hydroxide 

]>ariuni hydroxide, Calcium hydroxide 
Ammonium hydroxide 

Temperature. 

All of the values given in Tables II to X are for a temperature 
25^ C. The temperature coefficient of ionization is small enough to 
l)e neglected for most practical purposes. The figures may, therefore, 
he considered valid for the range of temperature met with in the 
tannery. 
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pH Values. 

1 'lie term pH value is now widely used to indicate the value of 
with change of sign, in the expression [H*] 1= lO"* moles i^er liter. 
The use of this term has proved confusing to some because an increas- 
ing pH value indicates a decreasing hydrogen-ion concentration. Ihit 
the pH scale has proved of great value for the oj^erator with no knowl- 
edge of chemistry. He accepts it as a standard scale of acidity and 
alkalinity, as he does a thermometer for temperature, without carin^^ 
about its mechanism. He learns, for example, that a given liquor 
works Ix^st at a pH value of 5.5. When the analyst reports to him 
a value for this liquor of 6.5, he immediately appreciates that the addi- 
tion of acid is necessary to bring the liquor back to 5.5. The routine 
worker adopts the pH scale almost as easily as any other system 


TABLE II. 



Hydrochloric Acid 


Nitric Acid 


Moles 







of acid 

Per cent 

Moles IH 


Per cent 

Moles IT 


per liter 

ionized 

per liter 

pH value 

ionized 

per liter 

pH value 

0.001 

. . . 106.0 

0.0010 

300 

1 00.0 

0.0010 

3.00 

0.002 

. . . 100.0 

0.0020 

2.70 

99.5 

0.0020 

2.70 

0.003 

. . . 100.0 

0.0030 

2.52 

99.5 

0.0030 

2.52 

0.004 

... 100.0 

0.0040 

2.40 

99.4 

0.0040 

2.40 

0.005 

. . . 100.0 

0.0050 

2.30 

99.4 

0.0050 

2.30 

0.006 

... 100.0 

0.0060 

2.22 

994 

0.0060 

2.22 

0.007 

, . . 100.0 

0.0070 

2.15 

993 

o.(X)7o 

2.15 

0.008 

. . . 100.0 

0.0080 

2.10 

99.3 

0.0079 

2.10 

0.009 

. , . 99.9 

0.0090 

2.05 

99.3 

o.(X)89 

2.05 

0.0 1 

... 99.8 

0.010 

2.00 

99.3 

0.010 

2.00 

(1.02 

98.8 

0.020 

1.70 

99-3 

0.020 

1.70 

0.03 

98.0 

0.029 

1.54 

99.2 

0.030 

1.52 

0.04 

... 97.6 

o.o3(> 

1.41 

98.7 

0.039 

1.41 

0.05 

. . 96.8 

0.048 

1.32 

9 S -3 

0.049 

1.31 

0.06 

06.4 

0.058 

1.24 

97-6 

0.059 

1.23 

0.07 

. . 95-8 

0.067 

1. 17 

97-,3 

0.068 

1. 17 

0.08 

. . 95-6 

0.076 

1. 12 

96.8 

0.077 

MI 

0.09 

. . 95-2 

0.086 

1.07 

9 <j -3 

0.087 

1.06 

0.1 

... 94.8 

0.09s 

1.02 

96.0 

o.Of;6 

!.02 

0.2 

92.0 

0.184 

0.74 

9 - 2.9 

0.186 

0.73 

0.3 

90.1 

0.270 

0.57 

90.7 

0.272 

0.57 

0.4 

... 88.7 

0.355 

0.45 

89.4 

0.358 

0.45 

0.5 

... 87.S 

0.438 

0.36 

87.9 

0.439 

0.36 

0.6 

. . . 86.S 

0.519 

0.28 


0.7 

... 84.7 

0.593 

0.23 

.... 



0.8 

. . . 83.3 

0.666 

0.18 

. ... 



0.9 

... 8i.s 

0.734 

0.13 

.... 



I.O 

. . . 79-6 

0.796 

• O.IO 

84.8 

0.848 

0.07 

2.0 

... 69.3 

1.386 

— 0.14 

73.9 

1-478 

— 0.17 
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measurement. He soon learns that pH = 7 represents a neutral 
,,|iition, that values increasing from 7 indicate mi increasing alkalinity 
ml values decreasing from 7 an increasing acidity. 

The investigator in leather chemistrv finds it logical to plot varianlcs 
..'linst — log[H'] rather than against actual hydrogen-ion concentra- 
m'ns because of the enormous range covered. For him the adoption 
,i tlie liH scale has the advantage of eliminating the use of negative 
allies and making his system of record conform to one more desiralile 
iir making plant rejiorts, where the use iif logarithms, negative values, 
iikI conceptions of ionization are often apt to lead to hoiieless confusion. 

The pH values corresponding to the various hydrogen-ion conceit- 
rations have been added to Thomas’ tables in order to increase their 
.i>cfulncss. 


TABLE III. 


Sulfuric Acid* Phosplioric Acidt 


Moles 

1 1 acid 
pt r liter 

Per cent 
ionized 

Moles H* 

per liter pH value 

Per cent 
ionized 

1K(M)1 .... 

977 

0.0020 

2.70 

89.0 

O.HOJ, . . . 

947 

0.0038 

2.42 

83.0 

tl .OO V • • • 

90.S 

0.0054 

2.27 

77.5 

(t 004. . , . 

88.0 

0.0070 

2.15 

73-5 

n.oo^ .... 


0.00^ 

2.07 

70.0 

((.(lO/), . . . 

84.2 

O.OIOI 

2.00 

67.5 

(i.i>07. . . . 

82.7 

0.0II6 

1,94 

65.0 

•'.fKkS. , . . 

81.8 

0.013 1 

1.88 

63.0 

0 fX) 9 . . . . 

80.5 

0.0145 

1.84 

60.5 

IMlI 

79.6 

0.016 

1.80 

590 

(1 ()J 

731 

0.029 

1.54 

47.5 

II ( 1 ^ 

69.4 

0.042 

1.38 

42.0 

IV114 

66.8 

0.053 

1.28 

38.0 

(Id:; 

64.8 

0.065 

1.19 

350 

d ( >6 

63.5 

0.076 

1. 12 

33.0 

do; 

62.4 

0.087 

1.06 

31.0 

'>n« .... 

61.7 

0.099 

1. 00 

30.0 

d TK) 

61. 1 

0,1 10 

0.96 

28.5 

d 1 

60.7 

0 .I 2 I 

0.92 

27.5 

d J 

57-6 

0.230 

0.64 

22.8 



d. \ 

56.0 

0.336 

0.47 

20.7 

547 

0.438 

0.36 

19.8 

d. ^ 

53-6 

0.536 

0.27 

19.0 

d.6. , ! . . , 

52.9 

0.635 

0.20 

18.8 

<'7 

52.0 

0.728 

0.14 

18.0 

d8 

514 

0.822 

0.09 

17.9 

do 

509 

0.916 

0.04 

177 

i d. . . 

S0.7 

1.014 

— 0.0 1 

17.5 

. . , 

399 

1.596 

— 0.20 

16.1 

too 

oer cent ionization taken as compie 

tc ionization into H 
te ionization into 

t 100 

per cent ionization 

taken as compic 


Molc.slP 


per liter 

pi 1 \aluc 

O.OOfX) 

305 

0.(K)17 

2.77 

0 .(X )23 

2.64 

().(K)29 

2.54 

0.0035 

2.46 

o.(X)4 1 

2..^9 

0.0046 

2..M 

0.0050 

2.30 

0.0054 

2.27 

().(m)6 

2.23 

0.010 

2.(K» 

0.013 

1.89 

0.015 

1.82 

0.018 

174 

0.020 

1.70 

0.022 

1.66 

0.024 

1.62 

0.026 

1.58 

0.028 

1.55 

0,046 

1.34 

0.062 

1.21 

0.079 

1. 10 

o.O()5 

1.02 

o.i 13 

0.95 

0.126 

0.90 

0.143 

0.84 

0.159 

0.80 

0.175 

0.76 

0.322 

0.49 


anrl SO*", 
and lljjrOt'. 
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TABLE IV. 

Formic Acid Acetic Acid 

Moles 


of acid 

Per cent 

Moles IF 


Per cent 

Moles 11^ 


per liter 

ionized 

per liter 

pH value 

ionized 

per liter 

pH vnliin 

O.OOI 

.... 35.8 

0.00036 

3.44 

12.8 

0.00013 

3.<8') 

0.002 

... 27.1 

0.00054 

3.27 

9.2 

0.00018 

3-7-4 

0,003 

22.0 

0.00066 

3.18 

7..S 

0.00023 

3.64 

0.004 

20. r 

0.00080 

3.10 

6.6 

0.00026 


0.005 

18.0 

0.00090 

3.05 

.SO 

0.00030 

3-52 

0.006 

16.6 

000100 

3.00 

5-4 

0.00032 

3-4<) 

0.007 

... 15.5 

0.00100 

2.96 

5.0 

0.00035 

34^' 

0.008 

14.8 

0.001 18 

2.93 

4-7 

0.00038 

3.42 

0.009 

14.0 

0.00126 

2.90 

4-4 

0.00040 

3.4^' 

0.0 1 

. . . 13.4 

0.0013 

2.87 

4.2 

0.00042 

3-3-8 

0.02 

9.7 

0.0019 

2.72 

3.0 

0.00060 

3.2J 

0.03 

8.1 

0.0024 

2.62 

2.4 

0.00072 

3-14 

0.04 

7.1 

0.0028 

2.55 

2. T 

0.00084 

3.08 

0.05 

6,4 

0.0032 

2.49 

1.9 

0.00095 

3.02 

0.06 

58 

0.0035 

2.46 

T.7 

0,00102 

2.9<l 

0.07 

5.4 

0.0038 

2.42 

T-55 

0.00109 

2.06 

0.08 

5.0 

0.0040 

2.40 

i-.S 

0.00120 

2.02 

0.09 

4.7 

0.0042 

2.38 

1.4 

0.00126 

2.90 

O.I 

4.5 

0.0045 

2.35 

1.3 

0.00130 

2.80 

0.2 

3.2 

0.0064 

2.19 

0.9 

0.00180 

2.74 

0.3 

2.6 

0.0078 

2. 1 1 

0.7 

0.00210 

2.68 

0.4 

2.3 

0.0092 

2.04 

0.6 

0.00240 

2.62 

0.5 

2.1 

0.0105 

1.98 

0.57 

0.00285 

2.55 

0.6 

I.O 

0.01T4 

1.94 

0.50 

0.00300 

2.5-^ 

0.7 

1.8 

0.0126 

1.90 

0.45 

0.00315 

2.50 

0.8 

1.7 

0.0136 

1.87 

0.42 

0.00336 

2.47 

0-9 

1.6 

0.0144 

1.84 

0.40 

0.00360 

2.44 

I.O 

1.5 

0.0150 

1.82 

0.37 

0.00370 

2.43 

2.0 

1.03 

0.0206 

1.69 

0.30 

0.00600 

2.22 
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TABLE V. 


Gallic Acid Lactic Acid 


Moles 
..f acid 
pt r liter 

Per cent 
ionized 

Moles 
per liter 

pH value 

Per cent 
ionized 

Moles I P 
per liter 

pH value 

(MK)I 

... 18.7 

0.00019 

37 ^ 

3 «<) 

0.00031 

3.5 » 

0 

... 134 

0.00027 

3-57 

23.0 

0.00046 

3.34 

It 

. . . 10.7 

0.00032 

340 

18.7 

0.00056 

3 , 2 .'; 

0 no.} 

. . . 0.3 

0.00037 

343 

16.7 

0.00067 

3.18 

( 1 ( W 1 ^ 

... 8.4 

0.00042 

3..^8 

15.1 

0.00076 

3.12 

(t (tot) 

. . . 

0.00046 

3.34 

13-9 

0.00083 

3.08 

( 1 ( I07 

... 7.0 

0.00040 

3 - 3 ^ 

12.9 

0.00090 

305 

0 ooS 

... 6.7 

0.00054 

3-^7 

12.2 

0.00008 

3,01 

0 001) 

... 6.2 

0.00056 

325 

n .5 

0.00T04 

2.98 

0 01 

... 5-9 

0.00059 

3.23 

II.O 

0.00110 

2.f>6 

0 OJ 

... 4.1 

0.00082 

3.09 

8.0 

0.00160 

2.80 

0 0^ 

. . . 3.3 

0.00099 

3.00 

6.6 

0.00108 

2.70 

0,0} 

... 3.0 

0.00120 

2.92 

5.8 

0.00232 

2.6^ 

on; 

2.70 

0.00135 

2.87 

5.2 

0.00260 

2.5H 

'lot') 

2.50 

0.00150 

2.82 

4.8 

0.00288 

2 ..S 4 

007 

. . . 2.30 

0.00161 

2.79 

4.3 

0.0030 1 

2.52 

0 08 

2.20 

0.00176 

275 

4.1 

0,00328 

2.48 

0 (V) 

. . . 2.05 

0.00185 

273 

3.8 

0.00342 

2.47 

0,1 . 

1.98 

0.0020 

2.70 

37 

0,00370 

2.43 

0 J . . 

1.40 

0.0028 

2.55 

2.7 

0.0054 

2.27 

0 t 

... 1.15 

0.0035 

2.46 


0.0066 

2.18 

"4 

I.OO 

0.0040 

2.40 

I’S 

0.0072 

2.14 

0 ; 

. . . 0.80 

0.0045 

2.35 

1.6 

0.0080 

2.10 

ot, 

0.80 

0.0048 

2.32 

1.5 

0.0000 

2.05 

f 1 7 

. . . 0.74 

0.0052 

2.28 

1.4 

0.0098 

2,01 

0,8, . 

0.70 

0.0056 

2.25 

1.3 

0.0104 

1.98 



. . . 0.68 

0.006 1 

2.21 

1.2 

0.0108 

1.97 

1.0, . 

. . . 0.63 

0.0063 

2.20 

1. 1 

O.OIIO 

1.96 

j n 

• • • 



0.8 

0.0160 

1.80 
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TABLE VI. 


Butyric Acid Boric Acid* 

Moles 

of acid Percent Moles Percent Moles 

per liter ionized per liter pH value ionized per liter pH value 

O.OOI II.4 O.OOOII 3.96 0.080 0.0000008 6.10 

0.002 8.3 0.00017 3.77 

0.003 6.8 0.00020 3.70 

0.004 6.0 0.00024 3.62 

0.00s 5.4 0.00027 3.57 

0.006 4.9 0.00029 3.54 

0.007 4.55 0.00032 3.49 

0.008 4.3 0.00034 3*47 

0.009 3-95 0.00036 344 

o.oi 3.8 0.00038 3.42 0.026 0.0000026 5.5'S 

0.02 2.7 0.00054 3.27 

0.03 2.2 0.00066 3.18 

0.04 1.95 0.00078 3.1 1 

0.05 1.7 0.00085 3.07 

0.06 1.6 0.00096 3.02 

0.07 1.4 0.000^ 3.01 

0.08 1.35 0.00108 2.97 

0.09 1.25 0.001 13 2.95 

o.i 1.2 0.00120 2.92 0.008 0.0000080 5.10 

0.2 0.86 0.00172 2.76 

0.3 0.70 0.00210 2.68 

0.4 0.60 0.00240 2.62 

0.5 0.54 0.00270 2.57 

0.6 0.49 0.00294 2.53 

0.7 0.43 0.00301 2.52 

0.8 0.41 0.00328 2.48 0.003 0.0000240 4.62 

0.9 0.40 0.00360 2.44 

1.0 0.39 0.00390 2.40 

2.0 0.27 0.00540 2.27 .... 


100 per cent ionization taken as complete ionization into and HjBO/. 
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TABLE Vll. 


Tartaric Acid* Citric AcidI 


Moles 
ni acid 
per liter 

Per cent 
ionized 

Moles I P 
per liter 

Per cent 
pH value ioni/ed 

Moles I P 
per liter 

pH value 



65.3 

0.0007 

3 15 

60.2 

o.(mx)6 

322 

(» l)OJ 

510 

0.0010 

300 

47-4 

O.(XXH) 

305 

() lN)t 

43.0 

0.0013 

2.89 

39.8 

0.(X)I2 

2.92 

(1,004 

390 

0.0016 

2.80 

36.0 

0.0014 

2.85 

(HK)^ 

35 5 

0.0018 

2.74 

33-1 

().(K)I7 

^■77 

II (M>t) 

33 0 

0,0020 

2.70 

30.8 

0.0018 

^74 

(MKt7 

31.0 

0.0022 

2.66 

28.9 

0.0020 

2.70 

( ) ( H 

30.0 

0.0024 

2.62 

27.6 

0.0022 

2.66 

n IHX) 

28.0 

0.0025 

2.(K) 

25.9 

0.0023 

2,64 

(1 01 

27.0 

0.0027 

2.57 

25.0 

0 .(X )25 

2.60 

0 1(J 

19-5 

0.0039 

2.41 

1K.3 

o.m )37 

2.43 

'•04 

16.5 

0.0050 

2.30 

15-5 

0.0047 

2.33 

".04 

MS 

0.0058 

2,24 

13.8 

o.(X )55 

2.26 

005 

13.1 

o.{K)()6 

2.18 

12.5 

().(x )()3 

2.20 

( 1 ( )f 1 

12.2 

0.0073 

2.14 

11-5 

O.OOtX) 

2.16 

007 

114 

0.0080 

2.10 

10.7 

0.0075 

2.12 

(M)S 

lo.g 

0.0087 

2.06 

10. 1 

0.0081 

2.09 

O.Oi) 

10.2 

0.0092 

2.04 

95 

0.0086 

2.07 

0,1 

9.9 

0.010 

2.00 

9.1 

o.0(J9 

2.04 

0 J, . 

7.1 

0.014 

1.85 

6.1 

0.012 

1.92 

O.t 

57 

0.017 

177 

47 

0.014 

1.85 

"4 

4-9 

0,020 

1.70 

4.0 

0.016 

1.80 

'» 5 

4-5 

0.021 

1.68 

3.5 

0.018 

I 74 

0,() 

37 

0.022 

1.6^) 

3.1 

0.019 

1.72 

"•7 

35 

0.025 

I.^K) 

30 

0.021 

1.08 

oS 

3-2 

0.026 

1.58 

2.9 

0.023 

1.64 

o.o 

30 

0.027 

1-57 

2.8 

0.025 

1.60 

1 0. . . 

2.9 

0.029 

1-54 

2.7 

0.027 

1.57 

-’.0. . . 

2.1 

0.042 

I..18 

1.8 

0.036 

1.44 


* 100 p^r cent ionization taken as complete ionization into an«i 
I too per cent ionization taken as complete ionization into H* and H/’nH&O;'. 
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TABLE VIII. 


Oxalic Acid * Salicylic Acid 


Moles 
of acid ' 
per liter 

n nn I 

Per cent 
ionized 

Moles IP 
per liter 

0.002 

n nn^ 

0.004 

.... 950 

0.0038 

0.005 

.... 93.0 

0.0047 

0.006 

.... 91.5 

0.0055 

0.007 

00.0 

0.0063 

0.008 

.... Hi).o 

0.0071 

0.00<) 

.... 88.0 

0.0079 

0.010 

oc 

6 

0.0087 

0.0167 



0.020 

.... 79.0 

0.0158 

0.030 

. . . . 73 5 

0.0221 


pH value 

Per cent 
ionized 

Moles 
per liter 

pH valui 


62.0 

0.0006 

3-22 


51.0 

0.0010 

300 


44.5 

0.0013 

2.89 

2.42 

40.0 

0.0016 

2.80 

2.33 

37.0 

0.0019 

2.72 

2.26 

34-5 

0.0021 

2.68 

2.20 

32.0 

0.0022 

2.66 

2.15 

30.5 

0.0024 

2.62 

2.10 

29.0 

0.0026 

2.5H 

2.06 

27.7 

0.0028 

2.55 


24.0 

0.0040 

2.40 

i.^ 




1.66 





• rt)o per cent ionization taken as complete ionization into and 
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TABLE IX. 


Moles 

Potassium Hydroxide 

Percent Moles 01 T 

Sodium Hydroxide 

Per cent Moles OH' 

jit r liter 

ionized 

per liter 

pll value 

ionized 

per liter 

pH value 

(KXII 

100.0 

0.001 

n.oo 

100.00 

0.001 

II.OO 

0 (M)2 

. . . . 100.0 

0.002 

11.30 

100.0 

0.002 

11.30 



. . . . 100.0 

0.003 

11.48 

100.0 

0.003 

11.48 

OiK).^ 

100.0 

0.004 

ii.^ 

100.0 

0.004 

1 1.0 

() (x}5 

100.0 

0.005 

11.70 

100.0 

0.005 

11.70 

(.) 006 

100.0 

0.006 

11.78 

100.0 

0.006 

11.78 

•loo; 

100.0 

0.007 

11.85 

100.0 

0.007 

11.8s 

(i()C)8 

100.0 

0.008 

11.90 

99.9 

0.008 

11.90 



. . . . 99-9 

0.009 

n.9S 

99.7 

0.009 

n.95 

nOl 

. . . . 99-9 

0.010 

12.00 

99.5 

0.010 

12.00 

(lOJ 

. . . . 99-3 

0.020 

12.30 

97-9 

0.020 

12.30 

"(M 

. . . . 98.7 

0.030 

12.48 

0.8 

0.029 

12.46 

"<)4 

. . . . 97-9 

0.039 

12.59 

0.0 

0.038 

12.58 

"05 

. . . . 97.3 

0.049 

12.69 

95.3 

0.048 

12.68 

11.00 

. . . . 967 

0.058 

12.76 

94.7 

0.057 

12.76 

"07 

96.2 

0.067 

12.83 

94.1 

0.066 

12,%2 

IMI8 

. , . . 95.8 

0.077 

0.086 

12.89 

93.7 

0.075 

12.88 

IKK) 

. . . . 95.3 

12.93 

93.2 

0.084 

12.92 

O.I 

. . . . 95 0 

0.095 

12.98 

92.9 

0.093 

12.97 

n 2 

92.2 

0.184 

13*26 

89.8 

0.180 

13.26 



90. 1 

0.270 

13.43 

87.0 

0.261 

1342 

'’4 

.... 88.8 

0.355 

13.55 

85.3 

0.341 

13.53 

< ' 5 

.... 87.6 

0.438 

13.64 

83.5 

0.418 

13.62 

• Ml 

.... 86.3 

0.518 

13.71 

81.9 

0.491 

13.69 

"■7 

. . . . 85.0 

0.595 

13.77 

80.4 

0.563 

13-75 

n,8 

.... 84.3 

0.674 

13.83 

79.2 

0.634 

13.80 

^'■9 

.... 82.8 

0.745 

13.87 

77.7 

0.699 

13.84 

i.o 

81.9 

0.819 

13.91 

76.6 

0.766 

13.88 

20 ..... 

— 66.3 

1.326 

14.12 

57.0 

1. 140 

14.06 
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TABLE X. 


Ammonium Hydroxide Barium Hydroxide* 


Moles 
of liase 
per liter 

Per cent 
ionized 

Moles OU’ 
per liter 

pH value 

Per cent 
ionized 

MolesOH' 
per liter 

pH value 

0.00 1 

. . . 12.52 

0.00013 

10. 1 1 

96.0 

0.0(310 

1 1 .00 

0.002 

. . . 8.99 

0.00018 

10.26 

95.0 

0.0019 

11.28 

0.003 

. . . 7-44 

0.00022 

10.34 

94.0 

0.0028 

n.45 

0.004 

. . . 6.48 

0.00026 

10.42 

93.0 

0.0037 

n.57 

0.00s 

... 5.82 

0.00029 

10.46 

92.0 

0.0046 

11.66 

0.006 

. . . 5-33 

0.00032 

10.51 

91.3 

0.0055 

11.74 

0.007 

. . . 4-93 

0.00035 

10.54 

91.0 

O.OOf) 

11.78 

0.008 

4.62 

o.(X)037 

10.57 

90-5 

0.007 

11.85 

0.009 

. . . 4-37 

o.(X)039 

10.59 

90.0 

0.008 

11.90 

0.0 1 

... 4.15 

0.00042 

10.62 

88.4 

0.009 

11.95 

0.02 

2.96 

0.00059 

10.77 

86.0 

0.017 

12.23 

0.03 

2.42 

0.00073 

10.86 

82.8 

0.025 

12.40 

0.04 

2.12 

0.00085 

10.93 

81.0 

0.032 

12.51 

0.0 s 

... 1.88 

0.00094 

10.97 

80.0 

0.040 

1 2.60 

0.06 

... 1.72 

0.00103 

II.OI 




0.07 

... 1.59 

0.001 II 

11.05 




0,08 

. . . L49 

0.001 19 

11.08 




0.09 

1.40 

0.00126 

II. 10 




O.I 

... 1.33 

0.00133 

II. 12 




0.2 

. . . 0.94 

0.00188 

11.27 




0.3 

. . . 0.77 

0.00231 

11.36 




0.4 

0.67 

0.002^ 

n.43 




0.5 

0.60 

0.00300 

11.48 




0.6 

, . . . 0.55 

0.00330 

11.52 




0.7 

, . . . 0.50 

0.00350 

n.54 




0,8 

. . . . 0.47 

0.00376 

11.58 




0.9 

, . . . 0.45 

0.00405 

1 1. 61 




I.O 

0.42 

0.00420 

11.62 




2.0 

. . . . 0.30 

0.00600 

CO 





* 100 per cent ionization taken as complete ionization into BaOn+ and OH'. 

Note: Where figures for calcium hydroxide are desired, it is suggested that those lor 
barium hydroxide he used. 
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Effect of Added Salts. 

The figures given in the tables are for pure solutions of the acids 
,,r bases. The addition of sodium chloride, or other neutral chlorides, 
tends to increase the hydrogen-ion concentrations of acids o' 
and the hydroxide-ion concentration of bases.'* Neutral sulfates, on 
the other hand, tend to decrease the hydrogen-ion concentrations of 

acids. 



t iG. 39.— Effect of concentration of various salts upon the hydrogen-ion con- 
centration of tenth-normal hydrochloric acid solution. 

This contrasting effect of chlorides and sulfates on the hydrogen- 
ion concentrations of solutions of 'sulfuric and hydrochloric acids was 
dtown by Thomas and Baldwin." Their results for o.i normal acids 
are shown in Figs. 39 and 40. In each case a solution of acid was 

Poma, Z. physik, Chem. 88 (i9U), 671. 

Hamcd, J. Am, Chem, Soc. 37 (« 9 i 5 ). 2460, 

Kales and Nelson, ibid 37 (1915). ^7^9- 

Thomas and Baldwin, J. Am. Leather Chem. As.foc. 13 (19*8), 248. 

. Contrasting Effects of Chlorides and Sulfates on the Kydrogen Ion ("oncenl rat ions of 
Solutions. A, W. Thomas and M. E. Baldwin. /. Am. them. Sot. 41 (1919), 1981. 
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mixed with a solution of salt and diluted to lOO cubic centimeters mj 
that the final concentration of acid was o.i normal and that of the salt 
the concentration whose effect was being studied. The hydrogen-ion 
concentrations were measured, by means of the hydrogen electrode, 
two days after the solutions were made up. 



Fig, 40. — Eflfect of concentration of various salts upon the hydrogen-ion 
concentration of tenth-normal sulfuric acid solution. 

♦ 

When the chlorides are arranged in order of their ability to increase 
the hydrogen-ion concentration, the following series is obtained : 

KCl = NH,Cl<NaCl<LiCl<Baa2<Mga 

But this is also the order of increasing degree of hydration, or the 
number of molecules of water combined with the individual cations at 
infinite dilution, Poma found that chlorides increase the hydrogen 
ion concentrations of hydrochloric acid solutions in the following 
order : 


RbCl<KCl<LiCI<CaCl2<Mga 
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In extending the work of Thomas and Baldwin, Wilson '* pointed 
it that one of the remarkable features of their results is that when 
,e logarithm of the concentration of hydrogen ion is plotted against 
le concentration of added salt, in the case of the alkali chlorides, the 
irves are apparently straight lines, of the general formula 

log [H*] = log a + bm 

here 6 is a constant, 0 the hydrogen-ion concentration when no salt 



I'lo. 41.— Effect of concentration of sodium chloride upon the hydrogen-ion con- 
centration of various strengths of sulfuric acid solution. 

present, and [H^] the hydrogen-ion concentration in the presence of 

moles per liter of salt. 

It was also shown that this equation is independent of the strength 
'd the acid solution, the value for b depending only upon the kind of 
alkali chloride added. Curves showing the effect of adding sodium 
^hloride to four different concentrations of sulfuric acid are shown 
m Fig. 41. Apparently the curves are not only straight lines, but all 
^ our have the same slope, the average value for b being 0.205. 

I he addition of 4 moles per liter of sodium chloride raises the 
nydrogen-ion concentration of o.i molar hydrochloric acid to 0.44 

“Hydration as an Explanation of the Neutral Salt Effect. J. A. Wilson. /. Am. Cktm. 

Ai (* 9 ao). 715. 
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mole [icr liter, which can he accounted for only on the assumption that 
more than three-quarters of the water present has ceased to play the 
role of solvent. The hydration theory assumes that this is brou^^ht 
about by the water combining with the salt. 

If the rise in hydrogen-ion concentration is due to the removal 
of water by the added sodium chloride, it should be possible to de- 
termine the degree of hydration of the salt at any concentration from 
hydrogen-ion measurements. Assuming this to be so, we should 
reason as follows : iTom the above equation, log( [H"]/a) = bm. hut 
[IT I /a is the factor by which the acid concentration has been multi- 
plied by adding m moles |)er liter of salt. Let 7 V represent the total 
number of moles of water, free or combined with salt, in i liter ot 
solution containing m moles of salt. The moles of free water then 
equal wa/|lT| and the moles of water combined with one mole of 
salt equal (w/ni) X (i—a/lH']). Calling this latter value li, we 
have 

h w(i — iO"'''")/m. 

ITom this, hydration values can be calculated for any concentration 
of salt. For infinite dilution of salt, the expression becomes greatly 
simplified, for 

Limit . . . , , 

ni=o = 

But at infinite dilution w~ 55.5 and hence 

h “ 128b. 

The calculated number of molecules of water combined with one mole- 
cule of sodium chloride at infinite dilution would thus be 128 X 0.205 
or 26.2, which is in striking agreement with the value 26.5 obtained 
by Smith from a very different tyjie of measurement. Calculation^ 
of the degrees of hydration at infinite dilution of the chlorides of 
potassium, animoniuni, and lithium made from the equation h = 128I) 
also agreed fairly well with Smith’s corresponding values. 

A means is thus afforded to calculate the change of pH value 
that will be produced by the addition of a neutral chloride to an acid 
solution. Let I represent the pH value of the acid solution containing 
no salt, which may be found in the i)receding tables. Let F l^e the 
pH value after the addition of m moles per liter of salt and H he 
the number of molecules of water combined with one molecule of salt 
at infinite dilution. Then 


F =: I — o.oo78Hm. 

The use of this equation does not dej^end ujxjn the validity of the 
theory. The measurements of 'fhomas and Baldwin show that it nia\ 
be used for the addition of chlorides to sulfuric and hydrochloric 
acids by substituting the following values for H: 

’•A Method for the Calculation of the Hydration of the Ions at Infinite Dilution. 0 
McP. Smith. 7 . Chem. Soc. 37 (1915), 722, 
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potassium chloride 

15 

ammonium chloride 

15 

sodium chloride 

26 

lithium chloride 

35 

barium chloride 

50 


Tlie effect of adding sulfates cannot, however, he attril)uted to 
hvdration, since they decrease the hydrogen-ion concentrations of acid 
^(ilutions. Their action is probably due to the formation of addition 
compounds complicated by hydration effects. For the hydrogen-ion 
(oiuTutrations of sulfuric and hydrochloric acid solutions containing 
luutral sulfates, reference should be made to the original papers of 
rh{»mas and Baldwin. 

lM)r the degrees of ionization of a large number of different salts 
at various concentrations, the reader is referred to page 35 of the 
recent book of Kraus.^^ 

A skin is subjected to liquors of widely different pM value in 
passing through the tannery. From a lime litjuor having a pH value 
of ii.5 it may pass into a bate liquor with a pH value of 7.5, then 
into a pickle liquor of pH == r.5, then into a chrome li(|Uor whose 
p!l value is rising from 3 to 4, and then into a fat liquor at pH 
(T, in vegetable tanning, the skin may pass from the bate litjuor to a 
tan li(juor whose pH value may be anything from 2.5 to 5.5. de- 
pending u|X)n the method of oi^eration of the yards. But in spite of 
the wide variation in pH value to which the skin is subjected in 
passing through the tannery, the j)rocesses are all sensitive to com- 
paratively small variations in pH value unless each variation is 
compensated by corresponding changes in the process itself. 

•’ 1 1)0 Properties of Electrically Conducting Systems. C. A. Kraus. Clieniieal Catalog 
< ' , .Ntw \ork. 



Chapter 5. 

Physical Chemistry of the Proteins. 

'riic physical chemistry of the proteins is one of the foundations 
upon which leather chemistry is built, but until comparatively recently 
our knowledge of the chemical reactions of the proteins was hardly 
sufficient to i)ermit of quantitative treatment. Proteins did not seem 
to show the stoichiometric relations of orthodox physical chemistry tn 
earlier investigators because they failed to recognize the full number 
of phases existing in a given system and the necessity for makinj^^ 
measurements at definite hydrogen-ion concentrations. 

The way for the quantitative development of the physical chemistry 
of the proteins was paved by the appearance of Donnan’s theory of 
membrane equilibria,^ which was applied by Procter ^ to the swellinj.^ 
of gelatin and further developed by Procter and Wilson ^ into a quantita 
tive theory of the swelling of protein jellies. In an extensive series 
of researches, Loeb * has extended this work to include also the osmotic 
pressure, viscosity, stability, and electrical potential differences of 
protein systems as well as a general theory of colloidal behavior. This 
valuable work is now available in book form “ and should be consulted 
as having an imix)rtant bearing upon leather chemistry. 

It will be shown in this chapter that proteins conform to the classical 
laws of physical chemistry and that their reactions are indicated by 
well established principles. Donnan’s theory forms the logical start- 
ing point for this presentation. A good discussion of Donnan’s theory 
is given in Lewis’ Physical Chemistry ; ® we have extended it in this 
chapter to a consideration of the effects of valency. 


Donnan’s Theory of Membrane Equilibria. 

This theory deals with the equilibria resulting from the separation 
by a membrane of two solutions, one of which contains an ionogen 
having one ion that cannot diffuse through the membrane, which is 
permeable to all other ions of the system. As an example, Donnan 


’ F. G. Oonnan. Z. Elektrochem. ly (1911), 572. 

* Equilibrium of Dilute Hydrochloric Acid and Gelatin. H. R. Procter. /. Chem. Sac. 


105 (1914). 313. 

"The Acid-Gelatin Equilibrium. H. R. Procter and J. A. Wilson. J. Chtm, Soc, 109 
(1916), 307. 

*J. General Physiol., 1918-1922. 

• Proteins and the Theory of Colloidal Behavior. Jacques Loch. McGraw-Hitt Book Co., 
Islcw York. 

•A ^stem of Physical Chemistry, Vol. II, Thermodynamics, pp. 475-86. Longmans, 
Grpeq ^ Cp., l-ondoft. 
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an aqueous solution of a salt NaR, such as Congo red, in contact 
a membrane which is impermeable to the anion R' and the non- 
inni/(‘(I salt, but will allow Na^ or any other ion to pass freely through 
,t. The membrane separates the Congo red solution from an aqueous 
.nluticn of sodium chloride, which will diffuse from its Solution 11 
into tlic Solution I of NaR. When equilibrium is established, if a 
small virtual change is made reversibly at constant tem|Xirature and 
v.'lume, the free energy will remain unchanged; that is, no work will 
he done. The change here considered is the transfer of dn moles of 
and Cl' from II to I. The work, which equals zero, is 


\vli(‘iice 


+ rfw.RT.log =0, 

[NaanX[Cl'],i=[NV]lX[Cl']i. 


(The brackets indicate concentration in moles per liter.) 


1 (|iiilihrium will be established only when the product of the concentra- 
timiN of Na' and Cl' has the same value on both sides of the membrane. 

This equation of products, simple though it may apj)ear, is of such 
nmdamental importance in the quantitative development of leather 
» lit niistry that any doubt as to its validity should be dispelled at the 
■uts(‘t. The derivation of the equation need not involve the use (T 
tlK'rmodynamics, since it can readily be visualized. In passing from 
'Ilf ])hase to the other, the oppositely charged ions must move in pairs, 
Miifc they would otherwise set up powerful electrostatic forces that 
wmild prevent their free diffusion. For this reason a sodium or a 
lilnrine ion striking the membrane alone could not pass through it. 
I’lit, since the membrane is freely permeable to both Na’ and CT, when 
two ()p|X)sitely charged ions strike the membrane together, there is 
' 'thing to prevent them from passing through into the solution on the 
' I'posite side. The rate of transfer of these ions from one solution 
t" the other depends, therefore, upon the frequency with which they 
' hance to strike the membrane in pairs, which is measured by the 
I'todiict of their concentrations. At equilibrium the rate of transfer 
Na" and Cl' from Solution II to Solution I exactly equals the rate 
"i transfer of these ions from Solution I to Solution II, from which 
’t follows that the product of the concentrations of these ions has the 
"anie value in both solutions. 

It is interesting now to note the effect of complicating the system 
bv the introduction of another salt, such as KBr. Following the same 
bne of reasoning, it will be evident that equilibrium will be established 
‘"dy when the product [K'"] X [i3r'] has the same value in both solu- 
b'^ns, and the same is true for the products [K*] X fCT] and 
X [Br'). In fact, with any number of mono-monovalent iono- 
gens present in the system, the product of the concentrations of any 
pair of diffusible and oppositely charged ions will have the same value 
both solutions. 

.Introducing polyvalent ions into the system makes the equation 
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of products but very little more complicated. When a polyvalent ion 
strikes the membrane, it will pass through only when an equivalent 
number of ions of opposite sign strike the membrane at the same time 
and pass through with it. The rate of transfer of any dissociatol 
ionogen from one solution to the other is evidently determined hy 
the product of all the ions required to produce the undissociated ionoj^vn. 
At equilibrium, this product will have the same value in both solutions. 
If, for example, the system contained the ions Na^ and SO"^, tlun 
the product [Na^J X [Na""] X [SO''^], or [Na^]^ X woulij 

have the same value on both sides of the membrane, at equilibrium. 

The imixirmeability of the membrane to the anion R' causes an 
unequal distribution of ions between the two solutions. In Solution II 
of the simple system including only the ionogens NaR and NaCl, let 

x=: [Na^] [Cl']. 

In Solution I let y — [Cl'j 

and z— [R'j 

whereupon [Na^j = y -f z- 

The equation of products may then be written 

+ z)- 
\ 

But here we have the product of equals equated to the product nf 
unequals, from which it is apt^arent, mathematically, tjiat the sum ot 
the unequals is greater than the sum of the equals, or that 

2y -f Z>2X. 

The reasoning thus indicates that the concentration of diffusible 
ions in Solution I, at equilibrium, is greater than in Solution II, and 
this has been shown to be true in numerous exi^eriments. If we let 
the excess of diffusible ions of Solution I over Solution II be repre- 
sented by e, then 2y + z = 2x + e, 
or ‘ X y + Vey, 

which shows us further that x is greater than y or that the concentration 
of ionized sodium chloride is greater in Solution II than in Solution I 
The added sodium chloride does not distribute itself equally through- 
out both solutions, but, at equilibrium, it is the more concentrated 
in Solution II. 

The different distribution of ions in the solutions at equilibrium 
gives rise, not only to a difference in osmotic pressure, but also to an 
electrical difference of potential across the membrane. Donnan de 
rived the equation for this potential difference by the following 
thermodynamic reasoning. 

In the system just described, let Jii be the potential, for positive 
electricity, of solution I and Ttji that for Solution II. Let the ex- 
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,,,,,, aU quantity F</n^0 

,vo electrical ^ Irom 11 to I and of <idn moles 

transfer «/ ,, are the res^ctive transi^rt nnm- 

,, c l' from I to II, whc ^ P [_ ,„axitmnn osmotic work 

^ "" 

1,. fiance the osmotic virtual work, or 


VM -pdnRT.losjl^ + q</»RT-H' |cir|„ 

i Na*l IT .. [Cl'll iL and p + q = l- 
INa* I [Cl'lll y 


\\(‘ nave —ry 

P: = H log - volts. 

oi tmii— ' i"r,'X Itot"""”' 

niivliaiiism of many reactions sji)l valid when other 

It will now be shown J J ,,tcm. Consider the general 

r 

l.twcon solutions I and IT, we arrive at the uiuation 

K'P I M”*!!! 

, 1 • f \1»' P.nt it is evident from the C(|uatior, 

\\h(vr It -a, the valency of M • '->« " 

' i products that 

[M“aIX[Cl']■^=^^R*l^X ICI'1‘11 

..ml that [Naa‘iX[Cl']“l=lNalaiX[Cl']*II 
iioni which it is apparent that 

[M*an_-[NaT“=- 

[M“]i 




riierefore 
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At equilibrium, the unequal distribution of the added ionogen between 
solutions I and II produces exactly the same potential difference as ilie 
unequal distribution of sodium chloride. Although the addition of any 
ionogen must produce a change in the measured potential difference, 
by disturbing the equilibrium, all ionogens present when equilibrium is 
again established are producing the same potential difference, regardless 
of valency. The potential difference can thus be calculated from the 
determination of the distribution of only one kind of ion between ilie 
two solutions. 

The complexity of systems, such as those just described, is due to 
the fact that the membrane prevents the diffusion of one kind of inn 
from one phase to the other. A similar set of conditions is brought 
about whenever one of a number of ions of a system is prevented from 
diffusing from one phase to another, which is true for every bade 
tannery process. When skin protein is brought into equilibrium with 
various tannery liquors, the diffusion of the protein ions is prevented, 
not by a membrane, but by their own forces of cohesion. This will Ik: 
made clear in discussing the swelling of proteins. 


Swelling of Protein Jellies. 


When a strip of dry gelatin is soaked in water, it swells by absorb- 
ing water, increasing in volume from 5 to 10 times, depending upon the 
temperature of the water and the quality of the gelatin. With increas- 
ing concentration of acid, or alkali, the swelling increases to a maximuin 
and then decreases. The property of swelling in aqueous solution^ 
appears to be common to all proteins under conditions such that tlicv 
do not pass directly into solution. The swelling caused by acids and 
alkalies is generally counteracted by the addition of neutral salt or bv 
increasing the concentration of acid or alkali sufficiently. 

While attempting to arrive at a rational explanation of the molecular 
mechanism of tanning, Procter was continually confronted by the ncccs 
sity of first explaining the mechanism of swelling and to him belongs the 
credit of being the first to recognize the almost complete dependence of 
the science of leather chemistry upon the theory of swelling. In iS<)7 
he^ started an investigation ^ of the swelling of gelatin in solutions of 
acids and salts which has culminated in the Procter-Wilson theory nf 
swelling. 

Procter’s general method of experimentation was as follows : Sheets 
of thin, purified bone gelatin were cut into portions containing exact Iv 
I gram each of dry gelatin. A portion was put into each of a series 
of stoppered bottles containing 100 cubic centimeters of hydrochloric 
concentration. After 48 hours, which was shown to be 
sufficient for the attainment of practical equilibrium, the remaining solu- 
tion was drained off and titrated with standard alkali. The gelatin 
plates were quickly weighed and the volume of solution absorbed was 
calculated from the increase in weight of the plates. The swollen 


’Action of Dilute Acids and 
BtthtfU (1911); /. Am, Leather 


Salt Solutions upon Gelatin. 
Chem. Assoc, 6 (1911), 370. 


H. R. Procter. Kolloidclu >n 
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latiii was then put back into tlic bottles and covered with eiumgh dry 
chloride to saturate the solution whicli had l)cen absorbed by 
the gelatin. This caused the gelatin to contract and give u]) the ali- 
,,,rt)ed solution. After 24 hours, when equilibrium was again estab- 
livhed, the solution expelled by the salt was drained off and titrated to 
iKtcmiiiie the amount of free acid which had been absork'd by the 
gel.itin. A pall amount, usually about i cubic centimeter, of solution 
always remained unexpelled by the salt and, although not strictly true, 
this was assumed to have the same concentration of free acid as the 
portion expelled, due allowance being made for the increase in volume 
of solution due to saturating it with salt. The acid still unaccounted 
for was assumed to be combined with the gelatin base. 

A further set of checks was obtained by dissolving the gelatin, deby- 
ilialed by treatment with salt, in warm water and titrating with standard 
aik.ili, using both methyl orange and phenolphtbalein, the former indi- 
ratiiig the free acid left in the jelly and the latter tlie total, including 
I lie acid combined with the gelatin base, which was obtained by dif- 
icrcncc. 

hxjxjrimental values for the volume of solution absorbed by the 
:coIatIn, the free acid left in the external solution, the free acid in the 
if 11}, and the acid combined with the gelatin base arc shown in Table 
XI and ill Figs. 42 and 43. These were taken from the table on page 
317 of Irocter’s paper, The Equilibrium of Dilute Hydrochloric Acid 
and (lelatin.® In plotting the results, the concentration of gelatin 
' 1 oiif e is taken as the difference between the concentrations of total 
f i ori( c and free HCl in the jelly, dhc calculated values given along 
\\iti the exjxjriniental ones will be discussed later in connection with 
inc theory. 


The Acid-Protein Equilibrium. 

I'r.K tcr recognized that gelatin combines with IICI forming a hieblv 
I' "livable chloride pel that the resulting equilibrium is a s|)cci,al rase of 
I ic membrane equilibria described by Donnan. Instead of tracing the 
" vclopment of the theory of swelling from Proc-ter’s earliest work to 
' ' present status, it will simplify matters to present the theory from 
a<‘ deductive reasoning furnished later by Wilson and Wilson." 'I'bev 
'I t out to prove that the entire equilibria ran be determined quantila 
r' \ rom the orthodox laws of physical chemistry on the sim|)le 
I'Mimpiion that gelatin, or any protein, combines with hydrochloric 
uoitbi f ^ lonizable chloride. It seemed that success in this 

'ltd turnish substantial proof of the correctness of the theory. 

reasoning general, let us consider the hyixi- 
^ insoluble in water, is completely 
imder^^u dissolved ionogens considered, is elastic and 

conditions under consideration follows Hooke’s law, and com- 

•Cnli^iZ '"S 3.3. 

‘ 'ion. Soc. 40 Formula. J. A. and W. II. Wilson. J. Am. 
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1)iiies chemically with the hydrogen ion, but not the anion, of the ru id 
llA according to the equation 

[G] X[Hi=K[GH*]. (I. 

In other words, the compound GHA is completely ionized into (ill' 

and A'. . . 

Now take one millimole of G and immerse it m an aqueous solutimi 
of HA. The solution penetrates G, which thereupon combines with 
some of the hydrogen ions, removing them from solution, and conse- 
quently the solution within the jelly will have a greater concentration 
of A' than of while in the external solution [H*] is necessarily 
equal to [A']. The solution thus becomes separated into two phases, 
that within and that surrounding the jelly, and the ions of one phase 
must finally reach equilibrium with those of the other phase. 

At equilibrium, in the external solution, let 

x=[H*] = [A'] 

and in the jelly phase let 

y=[H*] 

and z = [GH*] 

whence [A'] = y + z. 

It should be reinenibered that the brackets indicate concentration in 
moles per liter. 

It is apparent from Donnan’s line of rea.soning, given earlier in tin 
chapter, that the product [H*] X [A'] will have the same value in the 
external solution as in the jelly phase at equilibrium, or that 

x“ = y(y + z). ( 2 ) 

As was pointed out above, it is evident from equation (2) that 

2y + z > 2X 

or 2y z = 2x + e (3) 

where e is defined as the e.xcess of concentration of diffusible ions ol 
the jelly phase over that of the external solution. Where any tw" 
variables are known, all others can be calculated, for from equations 
(2) and (3) we get the following: 

X = y + Vey = Vy” + yz = (z® — e’)/4e. (4) 

y = ( — z -f V z^ + 4x*)/2 = (2x + e — V 4ex + e’)/2 = 

(z — e)V4e. (5) 

z=(x* — y^)/y = '\/ 4 ex + = e + 2 -v/ey. (6) 

e = (x — y) Vy = z + 2y — 2 V y* + yz = — 2x + 

V 4x* 4" z®. 


( 7 ) 
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Since [A'l is greater in the jelly than in the surrounding solution, 
iho negative ions of the colloid compound will tend to ditTuse outward 
1,1(0 the external solution, but this they cannot do without dragging 
tluir protein cations with them. On the other hand, the cohesive forces 
of the elastic jelly will resist this outward pull, the quantitative measure 
of winch is e, and according to Hooke’s law 

e = CV (8) 

where C is a constant corresponding to the bulk modulus of the protein 
aiul V is the increase in volume, in cubic centimeters, of i millimole 
(.f the protein. 

Since we have taken i millimole of G, 

[G] + [GIH]z.i/(V + a) 

"r [C] = i/(V + a) - z (g) 

wlieie a is the initial volume of i millimole of the protein. 

I iuin (i) and (9) 

z=^y/(V + a)(K + y) (10) 

and from (6) and (8) 

z = CV + 2 VCVy. (11) 

Now from (10) and (ii) 

(V + a) (K + y) (CV + i VCVy) — y “ o (12) 

where the only variables are V and y. 

If the molecules or atoms of the protein are not themselves per- 
meable to all ions considered, the quantity a should not be taken as 
the whole of the initial volume of the jelly, but only as the free s[)ace 
within the original, dry jelly through which ions can pass. 1 m ) r our 
h> iKjthetical protein, then, we shall consider the limiting case where 
the value of a is zero. This assumption in the case of gelatin intro^ 
duces errors less than the probable experimental error because of the 
relatively large values for V over the significant swelling range, liqua- 
tion (12) thus reduces to 

V{K-fy)(CV + 2 V^)~y:=o. (13) 

Knowing the values of the constants, K and C, we can j>lot the 
entire equilibrium as a function of any one variable. Procter and 
\\ilson^<^ obtained the value K=: 0.00015 for the sample of gelatin 
ti'^ed in their experiments by adding successive ix)rtions of standard 
^ICI to a dilute solution of the gelatin and noting the corresponding 
’•^es in hydrogen-ion concentration. The difference Ix^tween the con- 
centration of hydrogen ion that would have been found u[)on adding 
d'e acid to pure water and that actually found l)y adding it to the same 

“"The Acid-Gelatin Equilibrium, he, cit. 
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volume of gelatin solution was taken as the amount of acid combined 
with the gelatin, or as the value of [GH"^] in equation (i). Substitut- 
ing any two sets of determinations of [GH^] and [H^] in equation ( i) 
and solving the resulting equations simultaneously, the value of K can 
be found. 

C was obtained by substituting experimental values for V and c in 



0.10 0.20 0.30 

[H^J in External Solution 


Fig. 42.— Observed and calculated values for the distribution of HCl in tlic 
system Gelatin-HCl-Water. 


equation ( 8 ). It was found to vary with the temperature and with 
the quality of the gelatin, but had the value 0.0003 for the sample ot 
gelatin used by Procter and at the temperature of his experiments, f 
In order to compare calculated values for V with experimental 
determinations of the increase in volume of i gram of gelatin, it i> 
necessary to know its equivalent weight. Procter originally regarded 
gelatin as a diacid base with a molecular weight of 839, but later work 
by Procter and Wilson showed that it should rather be regarded as 
acting as a monacid base, with an equivalent weight of 768, in acid 
solutions not sufficiently concentrated to cause decomposition. 7^'^ 




PHYSICAL CHEMISTRY OF THE PROTEINS 103 

rrranis of gelatin combine with a limiting value of i mole of hydrochloric 
acid and the combination resembles that of HCl with a weak monacid 
},ase. I'or this reason we may use the value 768 as the equivalent 
weight of gelatin. As for the molecular weiglit of gelatin, no con- 
vincing figures have yet been produced and it may be questioned wliether 



I iG. 43.-~Observed and calculated values for the degree of swelling of gelatin as a 
function of the concentration of hydrochloric acid. 

ifiey would have any real value, if obtained. We look upon a plate of 
gelatin as a continuous network of chains of amino acids, there being 
no individual molecules, unless one wishes to look upon the plate of 
gelatin as one huge molecule. 

hrom equation (13) and the values of the constants given above, 
|vilson and Wilson calculated all of the variables of the equilibrium 
Inr gelatin and hydrochloric acid over the range covered by Procter's 
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experiments. The important variables are shown in Table XI and m 
Figs. 42 and 43 along with Procter's actual determinations. 

The agreement between calculated and observed values is absolute, 
within the limits of experimental error. For this reason Procter and 
Wilson regard their theory as proved, but, if further corroboration i:, 
desired, it can be found in the extensive researches of Loeb, some oi 
which will be described later. It is worthy of note that no other tiicor\ 
of swelling has yet passed the stage of qualitative speculation. 

TABLE XL 


At Equilibrium 



[IICIJ 

V 

Cc. solution 
absorbed by 1 g. 
gelatin 

[HCI] 

ill jelly 

[Total chloride 
in jellv 

Initial 

in 

Calcu- 

Calcu- 

Ob- 

Calcu- 

Ob- 

Calcu- 

Ub- 

[HCll 

soln. 

lated 

lated 

served 

lated 

served 

lated 

Served 

0.006 

0.001 1 

33.3 

43.4 

44.1 

0.0001 

0.0005 

0.012 

0.(J14 

0.008 

0.0018 

37-5 

48.8 

48.7 

0.0002 

0.0004 

0.014 

0.01 s 

0.010 

0.0025 

41.7 

54-3 

59.9 

0.0004 

0.0004 

0.016 

0.015 

0.010 

0.0028 

42.7 

55.6 

584 

0.0004 

0.0004 

0.017 

0.015 

0.010 

0.0032 

43.2 

56.2 

53.7 

0.0005 

0.0005 

0.019 

0.017 

0.015 

0.0073 

40.8 

53.1 

57.9 

0.002 

0.002 

0.024 

0.02(1 

0.015 

0.0077 

40.2 

52.3 

52.2 

0.002 

0.002 

0.025 

0.02J 

0.015 

0.0120 

37-5 

48.8 

S1.9 

0.005 

0.006 

0.031 

0.027 

0.020 

0.0122 

37.3 

48.6 

51.7 

0.005 

0.006 

0.031 

0.027 

0.025 

0.0170 

34.5 

44.9 

40.4 

0.008 

0.009 

0.036 

0.037 

0.025 

0.0172 

34.3 

44.7 

48.1 

0.008 

0.009 

0.036 

0.031 

0.050 

0.0406 

26.7 

348 

364 

0.026 

0.030 

0.063 

o.oOi 

0.050 

0.0420 

26.4 

344 

31.1 

0.027 

0.030 

0.065 

o.otxS 


0.0576 

24.0 

31.2 

34.0 

0.041 

0.043 

0.082 

u.07(^ 

0.075 

0.0666 

23.0 

29.9 

27.9 

0.049 

0.050 

0.092 

0.095 

0.075 

0.0680 

22.8 

29.7 

29.1 

0.050 

0.053 

0.094 

0.0(92 

0.100 

0.0930 

20.7 

27.0 

23.1 

0.072 

0.072 

0.121 

O.I 20 

0.100 

0.0944 

20.5 

26.7 

26.4 

0.073 

0.072 

0.122 

0. 12 1 


0.1052 

19.8 

25.8 

29.8 

0.083 

0.085 

0.134 

0.I2S 

0.125 

0.1180 

18.9 

24.6 

24.4 

0.095 

0.090 

0.148 

0.1 4S 

0.150 

0.1434 

17.9 

23.3 

24.0 

0.118 

0.118 

0.174 

0.173 

0.150 

0.1435 

17.9 

23.3 

24.2 

0.118 

0.118 

0.174 

0.172 

0.175 

0.1685 

17.1 

22.3 

23.5 

0.141 

0.138 

0.200 

0.2(M) 

0.200 

0.1925 

16.3 

21.2 

20.6 

0.164 

0.161 

0.225 

0.229 

0.200 

0.1940 

16.2 

21.1 

22.7 

0.166 

0.165 

0.227 

0.225 

0.200 

0.194s 

16.2 

21.1 

22.1 

0.167 

0.164 

0.228 

0.22() 

0.250 

0.2450 

15.1 

19.7 

20.2 

0.213 

0.210 

0.279 

0.281 

0.300 

0.2950 

14.0 

18.2 

20.0 

0.261 

0.260 

0.332 

0.33-’ 


Other proteins which do not dissolve in cold water behave much like 
ge atm in respect to swelling, although they apparently have different 
values for the constants, K and C, as well as for equivalent weight, h 
is interesting to reason from the theory what differences in swelling 
wodd result from changes in the values of the constants. Siiuc 
y -- e/C, an increase in the value of C means a corresponding decrea^'k 
in the degree of swelling. The effect of a change in the value of K. 
the hydrolysis constant of the protein, is shown in Fig. 44 for a fixed 
value of C, At K == o, the point of maximum swelling occurs at 
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r :~o and has the value i/VC. As K increases in value, the point 
,,f maximum swelling decreases in value and occurs at increasing values 
iMi- .r. At K= 00, the point of maximum has the value zero and 
ua iirs at = 00 

According to the theory, all monobasic acids should produce the 
^aine degree of swelling of gelatin for any fixed hydrogen-ion conccn- 



I'lG, 


44* Family of swelling curves for proteins having the same bulk iikkIuIus, 
but different values for the hydrolysis constant. 


tration, under constant conditions, provided the gelatin salts formed are 
’onized to the same extent. It was generally thought tliat different 
nionobasic acids produce different degrees of swelling, following the 
^^rder of the well-known Hofmeister series of the ions, until 1 -oeb 
pointed out that the earlier investigators, through failure to measure 
hydrogen-ion concentration, liad fallen into the error of attributing 
0 the several acids effects caused merely by differences in hydrogen-ion 
concentration. He found, at a fixed value for jr, tliat practically the 
‘'^me degree of swelling is produced by all monobasic acids, as well as 
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such acids as phosphoric and oxalic at concentrations at which they act 
as monobasic. 

The calculation of the degree of swelling of proteins in solutions of 
polybasic acids is not quite so simple as for monobasic acids. Suppose 
that G were to combine with the hydrogen ion but not tlie anion of 
the polybasic acid HaA. Letting x represent the concentration of the 
polyvalent anion in the external solution at equilibrium, 2 the concen- 
tration of the anion of the gelatin salt, and y + r the total concentration 
of anion in the jelly, it is evident from the reasoning given above that 

x®^i =: y*(y z) 

and, by inspection of this equation, we see that 

(a+i)x< (a+i)y + z 

or that (a + i)x + e ~ (a + Oy + z. 

The total concentration of diffusible ions is greater in the jelly than in 
the external solution by the amount e and swelling in degree directlv 
proportional to e will result. It can readily be seen that as x increases 
from zero, without limit, o and the degree of swelling increase to a 
maximum and then decrease, approaching zero, for 2 has a limitiiii; 
value since it cannot exceed the total concentration of gelatin. At 
;t: = 0, y = 0, and c=^o. As x increases without limit our equations 
approach the limiting relations 

and (a + i)x + e = (a + i)y 

from which it is evident that ,r = y and c = 0. 

The extent of swelling by polybasic acids which combine as such 
with the protein will be considerably less than that caused by monobasic 
acids, as Loeb has shown, because fewer anions will be associated with 
equivalent weights of the protein. For example, for equivalent weights 
of gelatin sulfate and gelatin chloride, there would be only half as 
many sulfate ions as chloride ions. For very small values of x, we 
should therefore expect sulfuric acid to produce only half as much 
swelling as hydrochloric acid at the same hydrogen-ion concentration 
and this is actually the case. 

Repression of Swelling by Salts. 

The theory accounts quantitatively for the action of neutral salt-^ 
in repressing the swelling of proteins by acid. In the system descril)e»l 
above in which the protein G was immersed in a solution of HA, con 
sider the addition of the mono-monovalent salt MN, neither of whose 
ions combine with G. At equilibrium, let the concentration of he 
represented by u in the external solution and by v in the jelly. It is 
evident from the general equation of products that the product 

([H^] + [M^])X([A']-f [N']) 
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will have the same value iu both phases, or tliat 

(x + u)* = (y + v)(y + V + z) 


fruiii which 

e = 2(y + v) + z — 2(x + u). 

Solving the two preceding equations sinuillancously, wc get 

e = — 2(x + w) + + “)■ "t- 


Vow if the value of .v + u increases while 2 remains constant the 
V line of c and consequently the swelling, will decrease. 1 he additum 
of MN to' the system increases u and hence must cause a decrease in 
I he degree of swelling, since it increases a only by causing a diminution 

of the volume of the jelly. . r n- 1 ...i, . 

It is important to recognize that the repression of swelling hy silts 
does not depend upon any repression of ionization of the protein salt. 
The salt acts so as to lower the value of c, which is the measnie ol 
the force producing swelling. In some cases, the ionization may lx‘ 
repressed to some extent and this would assist in repressing the swe - 
iiig, hut in the case of gelatin chloride, the swelling is markedly le- 
ihiced long before there is any repression of ionization of gelatin chloride 
measiirahle hy means of calomel electrodes. 


The Alkali-Protein Equilibrium. 


Proteins are amphoteric substances, reacting both as weak acids and 
as weak bases. In this respect, they retain the properties of the ammo 
.acids from which they are formed. Hydrated aimnoacetic acid is 
capable of assuming either a positive or negative charge, or both, Dy 
ionizing as acid or base, or both, thus: 


IP + 'OOC.CH,.NH,.HOIl = IIOOC.C 1 I..NH..IIOH r. 
HOOC.CH2.NH2.IH + OII'. 


The ionization constant of a protein as an acid may he reprcsciilcd as 

fffllows: 


[H 1 X [G'l =Ka[GII]. 

lint [H*] X [OH'] = Kw or [IP] = Kw/[OlI'] 

from which [GH] X [OH'j =k[G'], where k = K,/Ka. 

Ihit this is essentially the same as equation (i) except for the fact 
that [IP] is replaced by [OH']. It is thus apixarent that proteins 
will behave in solutions of increasing concentration of alkali miKh 
they do in solutions of acids so long as they undergo no chemical 
;lianges other than that of salt formation. Actually gelatin swells 
in alkaline solution to a maximum at a concentration of about 0.004 
ni'ile of hydroxide ion per liter, above which the swelling diminishes. 
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In acid solution maximum swelling occurs at a concentration of 
mole of hydrogen ion per liter. 

The effect of valency is similar in both acid and alkaline solutions. 
Loeb found that the diacid bases calcium hydroxide and barium 
hydroxide give points of maximum swelling for gelatin only half as 
great as the monacid bases. For a given pH value, the amount of swell- 


TABLE XII. 

Isoelectric Points of Several Proteins in Terms of — Log [H+] or pH Vam e. 


Casein (cow) 


Gelatin 

.Serum albumin 

Serum globulin 

Egg albumen (hen).... 

Denatured serum albumin 

Oxyhemoglobin 

Carbon monoxide hemoglobin 

Reduced hemoglobin 

Stroma globulins of blood corpuscles 

Red blood cells 

Yeast extract proteins (globulin) . . . . 

Gliadin 

Edestin 

Tuberin (potato) 

Carrot protein 

Tomato protein 

Nucleic acid 


-LogfHH 

or pH value Refeidia 


4.6 

i 

47 

2 

47 

3 

4.6 

4 

47 

5 

47 

6 

54 

2 

4.8 

7 

54 

6 

6.7 

9 

6.8 

10 

6.8 

10 

50 

8, 9 

4.6 

ii 

4.6 

14 

9.2 

2 

5.6 

15 

approx. 4.0 

ij 

" 4.0 

12 

" 50 

IJ 

“ 2.0 

13 
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ing is determined by the valency of the ions of opposite sign to that ' i 
the protein ions rather than by the specific nature of the ions themse!\ ';^ 
In alkaline solution the protein ion is negatively charged, while 
it is positively charged in acid solution. In a solution, originally 
alkaline, in which the hydrogen-ion concentration is gradually increased, 
there must be some point at which the protein becomes electrically 
neutral; that is, where it has an equivalent number of positive and nega 
tive charges. The hydrogen-ion concentration at which this occurs lia^ 
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called by Hardy the isoelectric point of the protein. 'Fhe iso- 
( Icc'tric ix)int of gelatin was found by Michaelis and GrinetP- to lie 
,( a pH value of 4.7 and this value has been rcjxiatcdly confirmed hv 
l .ueb and others. 

Thomas and Kelly determined the isoelectric point of collagen. 

rather hide powder, by means of acid and basic dyes. Portions 
,it liide powder were first wet with solutions of different pH values, 
tlun with solutions of basic fuchsin or Martins yellow, and finally 
w adied with solutions having the same pi I values as were used to wet 
tlu' portions initially. The fuchsin left the hide jx^wder deeply stained 
(uly at pH values greater than 5 and the Martins yellow only at 
\ allies below 5, indicating pH ™ 5 as the isoelectric point of collagen. 

Porter observed that a point of minimum swelling of hide powder 
ncaxrs at a pH value of 4.8, indicating this as its isoelectric ])oint. 
Porter also found points of maximum .swelling of hide powder at pH 
\ allies of 2.4 in acid solution and about 12.3 in alkaline .solution. 

Thomas and Kelly compiled a list of isoelectric points of different 
proteins, taken from the literature, and these are reproduced in 'Pable 
Xfl in terms of pH value. 


Two Forms of Collagen and Gelatin. 


Quantitative experiments upon alkaline swelling arc rendered dilli* 
Milt by the tendency for the gelatin to pass into solution, which is 
\ cry much more marked than for acid swollen gelatin. That gelatin and 
Mime other proteins undergo a change of form in alkaline sidutions 
apparent from recent experimental data, Lloyd observed a rather 
''ignificant change occurring in gelatin dissolved in alkaline solution. 
\ comparison between gelatin dis.solved in acid solution and gelatin 
•lissolved in alkaline solution was made as follows. 

Two grams of gelatin were put into a flask containing 200 cubic cen- 
liiiieters of tenth-molar hydrochloric acid. After 6 day.s at 20'’ C., the 
sclatin was completely dissolved and 20 cubic centimeters of molar 
M>dium hydroxide were added to the solution, which was then tested 
^ind found to be neutral to litmus. 220 cubic centimeters of saturated 
'■‘'nnionium sulfate solution were then added and a wiiile, fiocculent 
Precipitate formed, which was filtered off. d'he filtrate w\as tested and 
b'und to be free from protein. The precipitate was insoluble in cold 
'cater and was washed several times. It was dissolved in 2 cubic 
c( ntimeters of hot water and set to a jelly upon cooling. A control 
cxj)eriment made by dissolving 2 grams of gelatin in 220 cubic centi- 
’neters of water with 1.12 grams of sodium chloride behaved in a 
^iniilar manner. 


?• Hardy. Proc, Roy. Soc. 66 (1900), 110. 

"Biochtm. Z, 41 (1012), 373. 

V/i Isoelectric Point of Collagen, A. W. Thomas and M. W. Kelly. /. Am. Chon. 

195. 

r,A £ Swelling of Hide Powder. E. C, Porter, J. Soc. Leather Trades Chem, 5 (1921), 2.S0, 
<1922), 83, 

Swelling of Gelatin in Hydrochloric Acid and Caustic Soda. D. J. Lloyd. 
cftem. /. 14 (1920), 147. 
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For comparison, 2 grams of gelatin were put into a flask Km. 
taining 200 cubic centimeters of tenth-molar sodium hydroxide. Th,. 
gelatin was completely dissolved after 2 days at 20° C. 20 cubic ccini. 
meters of molar hydrochloric acid were then added to the soluii<m. 
after which it reacted neutral to litmus. 220 cubic centimeters of sit 
urated ammonium sulfate solution were added and a white, flocculent 
precipitate formed, which was filtered off. The filtrate, as in the 

TABLE XIII. 

Swelling of Gelatin in Phosphate Buffer Solution During 4 Days at f C. 

pH value of buffer solution Increase in wt. of 

at 20* C. I g. dry gelatin 


Initial 

Final 

Grams 

2.90 

2.92 

13-20 

3.50 

3.50 

949 

3.96 

4.01 

7.72 

4.14 

4.17 

6.91 

447 

4.59 

6.68 

4.78 

4.86 

6.20 

S.08 

5.12 

7.02 

S.29 

5.38 

7.13 

5.57 

5.61 

7.22 

5.78 

5.80 

7.56 

6.04 

6.08 

7.80 

6.2Q 

6.29 

7.83 

6.48 

6.49 

8.02 

6.69 

6.70 

8.29 

6.96 

6.94 

8.31 

7.08 

7.10 

8.25 

741 

7.37 

8.03 

7.68 

7.62 

7.62 

7.97 

7.89 

8.39 

8.42 

8.36 

8.59 

8.56 

8.48 

8.60 

9.03 

8.96 

8.78 

9.57 

9.51 

8.91 

10.00 

9.96 

8.98 

10.47 

10.41 

9.24 

11.06 

10.^ 

9-55 

11.52 

11.48 

9.95 

12.00 

n .95 

10.73 


previous exi>erimcnt, was found to be free from protein. Ihit ilu 
precipitate dissolved completely and rapidly in a small volume of mid 
water and would not set to a jelly even when the volume was reduc ed 
to 2 cubic centimeters. 

Lloyd suggested that gelatin changes from a keto-form to an cubi- 
form in alkaline solution. The gelatin recovered from acid solutibn 
and which had the power of setting to a jelly would thus be regarded 
as the keto-form of gelatin, while that recovered from alkaline solu- 
tion and which had lost the power of setting to a jelly would he* 
looked upon as the enol-form of gelatin. Miss Lloyd regarded the’ 
change in alkaline solution as irreversible, but her experiments do not 
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physical chemistry oe the proteins 

.t,ie Mr Kern, in the autlior’s laboratory, added hydrocldonc 
eelatin dissolved in a hot solution of sodium hydroxide untd 
‘T" u Se as determined by the hydrogen electrode, was reduced 
’ 7 ami then allowed the solution to cool, whereui»n it set to a 

|'|„t^elly indicating that the change is reversible. Miss Lloyds ex- 



iH'riiiiein showed merely that it is not readily reversed by the ad.liti.m 
"Illy of the quantity of hydrmhloric acid equivalent to lliat ot tlic 

sodium hydroxide originally employed. . t .• i 

In studying the degree of plumping of calf skin as a um ion o 
pH value, Wilson and Gallun found two ixiints of minimum, one at 
,S.i and the other at 7.6. This work will be described in Chapter 9 
Wilson and Kern followed this with a series of exiieriments up>n the 
swelling of gelatin in buffer solutions and also finmd two iMunts of 
minimum, one at 4.7 and the other at 7.7. A description of their 
work follows. 

’•The Two Forms of Gelatin and Their Isoelectric Points. J. A. Wilson and E- J- Kern. 
J. Am. Chem. Soc. 44 (1922), 2633. 
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A series of buffer solutions was prepared, each member of whidi 
had a final concentration of tenth-molar phosphoric acid plus the 
amount of sodium hydroxide required to give the desired pH value 
determined by the hydrogen electrode at 20° C. The pH values ranged 
from 3 to 12. 200 cubic centimeters of each solution were put iutd a 
stoppered bottle and kept in a thermostat refrigerator at 7° C. Afic 
the temperature of each solution had reached 7°, a small strip of 
high grade gelatin of known weight was put into it. All strips were 
taken as nearly alike as possible and were kept in the solutions at 7' 
for 4 days, after which each strip was quickly blotted off and weiglud 
The results were carefully rechecked. In Table XIII are given ilio 
gain in weight per gram of dry gelatin and the initial and final ]dl 
values of the buffer solutions. Fig. 45 represents the degree of 
swelling as a function of the pH value. 

Wilson and Kern suggested that the two points of minimum ve\) 
resent the isoelectric points of the two forms of gelatin described liv 
Lloyd and this view appears to be substantiated by other data availnl)!)’ 
in the literature. 

Experiments upon the mutarotation of gelatin led Smith to sul: 
gest that gelatin exists in two forms: a sol form, having a sporilu 
rotation of [a] 01= — 141 and being stable at temperatures above 35® C.. 
and a gel form, with a specific rotation of [a]f) = — 313 and stable 
under 15°, a condition of equilibrium existing between the two form^ 
at intermediate temperatures. The gel form is characterized bv it> 
power to set to a jelly, which is lacking in the sol form. Smith ciil 
culated that a concentration of from 0.6 to i.o gram of the gel form 
per TOO cubic centimeters is required to produce gelation. As tlio 
temperature is increased above 15®, the total concentration of gelatin 
required to produce gelation is increased because of the decreasiiu 
proportion of the gel form, which does not exist at all above 35"^ C. 
Gelatin is the only protein known to show mutarotation. but it gradual!', 
loses this property along with its jellying power, when its solution^ 
are kept at temperatures al)Ove 70° C. 

Davis and Oakes measured the viscosities of a series of soluti(m^ 
of gelatin at 40° C. at different pH values. Their results are shown in 
Fig. 46. A point of minimum occurs at 8, but none at 4.7, the is<i 
electric point of gelatin as determined by Loeb. They commented up n 
this as follows: ‘There may be considerable difficulty in reconcilin” 
this minimum viscosity at pH about 8 with the isoelectric point at 
pH 4.7.” But Davis and Oakes really measured the point of minimimi 
viscosity of the sol form, since their determinations were made at 40° C.. 
whereas Loeb determined the isoelectric point of the gel form. 

Another case of the apparent disappearance of an isoelectric point 
when working at a temperature of 40® C. is to be found in the work of 
Wilson and Daub,^* who experimented upon the bating of calf skin at 

Mutarotation of Gelatin and Its Significance in Gelation. C. R. Smith. /. Am. Chc»'. 
Soc. 41 (1919), » 35 * 

^ J* Further Studies of the Physical Characteristics of Gelatin Solutions. C. E. Davis ar, 1 
E. T. Oakes. J. Am. Chem. Soc. 44 (1922). 464. 

A Critical Study of Bating. J. A. Wilson and G. Daub. J. Ind. Eng. Chem. 
(1921), 1137. 
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j,, at different pH values. They observed that a point of nmiinnun 
lumping occurred in the region of pH ~ 8, hut not at pH = 5, the 
i ndcctric point of collagen found by Thomas and Kelly and by Porter. 
Put Wilson and Gallun observed points of miniinuni plumping of calf 
skin at both S and 8, when working at low temperatures. The recent 
work of Sheppard, Sweet and Benedict^® adds further evidence of 
the existence of critical pH values at both 5 and 8. They obtained a 
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pH Value of Gelatin Solution 


46.~-Variation of viscosity of i-per cent solution of gelatin at 40 ® C. 
with change of pH value. 


jnrve for the rigidity of gelatin jelly as a function of pPI value exhibit- 
a shoulder at 5 and a flattish maximum between 7 and 9. 

-Apparently the change in gelatin from the gel form to what has 
'< en called the sol form takes place both with rise of temperature and 
rise of pH value. Since the experiments of Wilson and Kern 
performed at 7° C., they were dealing with the gel form of gelatin 

> F Purified Gelatin Jellies as a Function of Hydrogen Ion Concentration, 

• Sheppard, S. S. Sweet and A. J. Benedict. /. /fm. Chem, Soc. 44 (i9«), 1857. 
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in acid solution and actually observed a point of minimum at pH m 4 ^ 
the isoelectric point of the "el form. The appearance of a second pi.int 
of minimum swelling at pH “ 7.7 seems to indicate that between 4.; 
and 7.7 the gelatin passes from the gel to the sol form and that tlie 
second point of minimum occurs at the isoelectric point of the sol 
form. It was only by working at temperatures as low as 7° that they 
were able to prevent the gelatin from passing into solution at the 
higher pH values. 

While objection may be raised to the terms gel and sol form as 
applied to the two forms of gelatin and of collagen, they will serve 
as well as any until more is known of the transition. Idoyd’s 
suggestion that the change is a keto-enol tautomerism is still 
speculative. 

Parker Higley,^^ at the University of Wisconsin, has recently in- 
vestigated the absorption spectra of gelatin dispersions of different pll 
value and plotted a series of curves, at several densities, for the wave 
length of maximum absorption in the ultra violet as a function of pH 
value. The curves all show two joints of minimum, one at pH ~ 4.(18 
and the other at 7.66, coinciding with the points of minimum swcllin^^ 
of gelatin. That the two points of minimum have a real existence 
is thus strikingly confirmed from an unexpected source. 

The effect upon vegetable tanning of the change of one form et 
collagen to the other will be discussed in Chapter 13. 

Electrical Potential Difference between Protein Jelly and Aqueous 

Solution. 

It is apparent from the discussion of Donnan’s theory of membrane 
equilibria that the unequal distribution of ions between a jelly and 
its surrounding solution must give rise to an electrical difference of i)n- 
tential between these two phases whose measure is (RT/F) .log(x/Y). 
where x is the hydrogen-ion concentration of the external solution and 
y that of the solution within the jelly and this value holds true re- 
gardless of the valence or number of ions in the system. The potential 
diffference can therefore be calculated from the determinations of pH 
value in the jelly and in the external solution. Changing from natural 
to common logarithms and substituting the numerical value for RT/l^ 
at 20° C., we get. 

P.D. = s 81 og(x/y) = 58 (log.r — logy) millivolts. 

But — log y = pH value of the jelly and + log jr =a — pH value of 
tdhe solution. Hence, at 20° C, 

P.D. = 58(pH of jelly minus pH of solution) millivolts. 

Loeb “ devised a very ingenious method for determining this potential 
difference directly by means of a pair of calomel cells of equal value 

Advance note. ' 

JProjt^tns wd tKc Theory of Colloidal behavior, y. xsj^. 
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1,1(1 a Compton electrometer. A diagram of his apparatus is shown 
ill lug. 47. The potential difference measured is that of the cell 


calomel 

saturated 

external 

solid 

saturated 

calomel 

electrode 

KCl 

solution 

jelly 

KCl 

electrode 


l.verything else being symmetrical, the potential difference measured 
is that between the jelly and the external solution with which it is 
Mi})posed to be at equilibrium. 

In a typical experiment, i gram of purified gelatin, |X)wdered to 
a grain size between 30 and 60 mesh, was put into each of a series of 
solutions of different concentrations of hydrochloric acid or sodium 



1' ifi. 47.— Loeb’s apparatus for measuring the potential difTcrcncc between gela- 
tin jelly and the surrounding solution. 

hydroxide. The volume of each solution was 350 cubic centimeters and 
the temperature 20° C. After 4 hours the volume occupied by each 
i'ortion of gelatin was measured, the solution filtered off, and the 
gelatin melted so that the pH values of both jelly and solution could 
he determined by means of the hydrogen electrode. The gelatin was 
then allowed to set to a jelly in the receptacle illustrated in Fig. 47 
and the potential difference between the jelly and external solution 
was then measured with a Compton electrometer. The results of 
such a series are shown in Table XIV along with calculations of the 
l>^4cntial differences made from the pH determinations. The cal- 
culated and observed results are at least of the same sign and order 
magnitude, which is a good agreement considering the nature of 
die experiments and the dilutions of the solutions. It will be shown 
later that the method is capable of very much better agreement where 
tbe complications involved in melting and resetting of the jelly are 
avoided, as in the measurement of potential difference between a 
solution of gelatin and a protein-free solution with which it is in 
^'Tulibrium and from which it is separated by a semi-permeable 
^^icmbrane, especially where the solutions have greater conductivities. 

Electrical Charges of Colloidal Particles and of Living Tissues. 
J' iws Loeb. /. General Physiol. , {1922). 351. 
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According to the theory, the concentration of free acid in an acid 
swollen jelly should be less than that in the external solution and, 
likewise, the concentration of free alkali in an alkali-swollen jelly should 
be less than that in the external solution with which it is in equilibrium. 

TABLE XIV. 

Suspensions of Powdered Gelatin. 

After 4 hours at 20® C. 




pH value of 





Vol. of Absorbed External 

(a) 

P.D. millivolts 

Initial normality 

gelatin solution solution 

minus 

Calcu- 


of solution 

(mm.) 

(a) 

(b) 

(b) 

lated 

Observed 

0.0010N HCl 

28 

4.44 

3.35 

4 - 1.09 

+ 63.0 

+ 56.0 

0.0005N HCl 


4.56 

3.55 

■f I.OI 

•+S8.6 

+ 55.5 

0.0002N HCl 

18 

4.79 

3.92 

+ 0.87 

+ 51.0 

+ 36.5 

0.0001 N HCl 

16 

4-85 

4,24 

+ 0.61 

+ 36.0 

+ 15.0 

Water 

17 

4.89 

4.97 

— 0.08 

— 4.5 

— 17.5 

o.oooiN NaOH ... 

18 

4.98 

5-96 

— 0.98 

— 57.0 

— 59-0 

0.0002N NaOH ... 

28 

5.06 

6.24 

-1.18 

-68.0 

— 61,0 

o.ooosN NaOH ... 

37 

5.50 

6.46 

— 0.96 

— 56.0 

— 70.0 

o.ooioN NaOH ... 

40 

6.74 

7.30 

— 0.56 

— 33.0 

— 66.0 

0.0020N NaOH ... 

47 

9.54 

10.56 

— 1.02 

— 59.0 

— 46.0 

0.0040N NaOH ... 

48 

10.15 

11.08 

1 

0 

<0 

— 48.0 

— 36.0 


This is verified by the figures in Table XIV, which show, for pH 
values of the external solution less than 4.7, that the hydrogen-ion 
concentration is greater in the solution than in the jelly, while for pH 
values of the external solution greater than 4.7, the hydrogen-ion con- 
centration is less or the hydroxide-ion concentration greater in the 
solution than in the jelly. 


Rhythmic Swelling of Protein Jellies. 

Sheppard and Elliott made a study of the causes of the reticula- 
tion of the surfaces of photographic negatives that has a bearing upon 
a similar kind of trouble sometimes occurring in the vegetable tannin^' 
of skins. During the fixing or washing of a negative, the wet gelatin 
layer sometimes becomes more or less finely wrinkled or corrugated, 
the network of puckers forming a pattern extending either over the 
whole of the negative or only over part of it. They found that this 
reticulation can be produced by the combined action of a swelling 
agent and a .tanning agent. 

Fig. 48 represents a print from a negative treated to produce reticu- 
lation by Mr. Daub in the author's laboratories. The plate was flashed, 
developed, fixed with sodium thiosulfate, washed, and then immersed 
in a solution of wattle bark extract containing 5 grams of tannin 
and 0.2 mole of acetic acid per liter; the temperature was kept at 

The Reticulation of Gelatine. E. Sheppard and F. A. Elliott. J. Ind. Eng. 

10 (1918), 727. 
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C. After several minutes the gelatin surface began to pucker at 
isolated points and this action gradually spread over the entire sur- 
face, producing series of ridges of swollen gelatin with valleys of 
hardened and contracted gelatin in between. P'ollowing this action, 
the silver particles migrated from the hardening portions into the 
swelling ridges, giving the negative the mosaic-like appearance shown 
in the print. Often the puckering became well pronounced before the 



Fig. 48.— Reticulation Produced on Photographic Negative. 

n^igration of silver particles was noticeable. Sheppard and Elliott 
^l<en the effect to the production of Liesegang rings. 

1 he acid tends to cause a swelling of the gelatin while the tannin 
tends to cause a hardening and contracting action. But the acid diffuses 
relatively very rapidly whereas the diffusion of the tannin is greatly 
retarded both by its high molecular weight and by its tendency to 
combine with the gelatin, forming a compound less permeable and 
aying a much lower power of swelling than the original gelatin. The 
c ion Dromes greatly accelerated as the temjDerature is raised towards 
^ nielting point of the gelatin jelly. When the action is prolonged 
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at higher temperatures, provided the jelly does not dissolve, a second 
and much coarser series of puckers begins to form, tending to mask 
the finer pattern. In the coarser pattern, the peaks of the ridges may 
be from one to several millimeters apart. 

The reticulation of the surface of skin in tanning is a very serious 
matter as the pattern formed is permanent and materially reduces tlie 
selling value of the leather. The pattern formed on skins is usually 
of the coarser variety and would hardly pass as an artistic sample of 
embossing, which the photographic negative might do, because of the 
fineness of the pattern and distribution of silver particles. The reticu- 
lation of skin may attend the injudicious use of acid in attempting to 
plump the leather during tanning, or it may occur where acid-producing 
ferments get the upj^r hand in a yard where fresh liquors are normally 
used. The corrective is to prevent the swelling action, either by 
neutralization of the acid or by the addition of salt. 


Structure of Gelatin Solutions and Jellies. 


Procter’s “ investigations of the behavior of gelatin jellies led 
him to regard them as having a structure consisting of a network of 
molecules cohering to each other, but leaving interstices large enough 
to permit the passage of water and simple molecules and ions. The 
long chains of amino acids making up the protein molecules are 
peculiarly fitted to produce such a structure through combination of the 
acid and basic terminals of these chains. A hot solution of gelatin 
may be looked upon as a true solution consisting of individual gelatin 
molecules, or at least of comparatively small polymerized groups, but 
the molecules orientate themselves, as the solution cools, so as to leave 
a minimum of free energy, the most active acid groups tending to 
unite with the most active basic groups until a continuous network 
is formed throughout the system. A block of jelly might thus he 
looked upon as an enormous, single molecule. Such a view is not 
radical in the light of modern theories of crystal structure. 

According to the Procter-Wilson theory of swelling, when a block 
of gelatin jelly is immersed in a solution of hydrochloric acid, the 
solution passes into the jelly, filling up the interstices. Of the ionized 
gelatin chloride, which then forms, the chloride ions remain in the 
solution in the interstices while their corresponding gelatin cations 
form part of the network and are not in solution in the same sense 
as the anions. In tending to diffuse into the outer solution, the anions 
exert a pull upon the cations forming part of the network, causing 
an increase in volume of the jelly proportional to the pull exerted, 
so long as the elastic limit is not exceeded. That gelatin jellies are 
truly elastic and follow Hooke’s law may be taken as proved chemically 
by the agreement between calculated and observed results shown iii 
Table XI. More recently Sheppard and Sweet proved by measure- 


** The Structure of Organic Jellies. H. R. 
gress of Applied Chemistry, Lontlbn, 1909. 

*®The Elastic Properties of Gelatin Jellies. 
CItem. Soc. 43 (1921), 539. 


Procter. Proc. Seventh International Con- 
S. E. Sheppard and S. S. Sweet. /. Am. 
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nicnts of rigidity that gelatin jellies follow Hooke’s law nearly up 

the breaking point. 

Loeb’s work on the viscosity of gelatin solutions, to be discussed 
presently, indicates that the initial step in gelation is the combination 
li individual molecules to form large aggregates, possibly in a manner 
similar to the growth of crystals. Bogue'^^ pictures this process as 
the formation of catenary threads by the union of the individual 
mulecules end to end. The manner in which fibrous curds of soap 
are formed led McBain to a similar view regarding the structure of 
soap jellies and solutions. He attributes the elasticity of gels to the 
formation of an exceedingly fine filamentous structure. Innumerable 
molecules placed lengthwise and held together by forces of residual 
valence are assumed to make up these fine threads, which may be 
microns or millimeters in length. 

Considering the nature and variety of the amino acids composing 
the gelatin molecule, as shown in Table I of Chapter 3, we should 
hardly expect the polymerization of gelatin to take place along a 
single line, but in every direction and probably with cross chains grow- 
ing to support chains increasing in length in other directions. The 
increasing viscosity of gelatin solutions with time, upon cooling, would 
thus be attributed to the increasing size of the particles ; the formation 
of a rigid jelly to the final union of the large particles, forming a 
structure continuous throughout the entire system. 

I'here is an abundance of evidence to support Procter’s view of 
the structure of jellies and Loeb’s view that gelatin solutions, after 
standing for a time at temperatures below 35"^ C., always contain par- 
ticles of jelly consisting of aggregates of gelatin molecules. A number 
of supporting lines of evidence are given in a review of the literature 
l)y Thompson.^® 

Graham showed long ago that the velocity with which crystalloids 
diffuse through gelatin jellies is only very little less than the velocity 
through pure water. This slight reduction in velocity is in no way 
comparable with the apparently great physical difference in state be- 
tween the jelly and water. Although the viscosity of a gelatin jelly 
IS too great to be measured by the methods usually applied to liquids, 
simple molecules move through it as though in a medium of viscosity 
nearly that of water. The network theory explains this by assuming 
that the diffusing substance actually is moving through the pure water 
or aqueous solution in the interstices of the network. Any slight 
diminution in velocity can be accounted for by the small portion of 
>my cross section of the jelly occupied by the gelatin network. The 
same holds true for gelatin solutions, the diffusing substance being able 
lo pass through the particles of jelly in suspension almost as rapidly 
as through the solution surrounding the particles. 


^3 Constitution of Glues and Gelatines. K. II. Hogue. Chem. Met. Eng. 

/<■. f of Soap. J. W. McBain. Brit. Assoc, Advancement Set. Third 

‘ no, Colloid Chemistry (1920), 2. 

(i,j, of Gelatin Solutions. F. C. Thompson. J. Soc. Leather Trades Chem. 3 
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Thompson shows from the work of Dumanski^® that the cuii^ 
ductivity of a solution of potassium chloride in gelatin jelly is no less 
than in pure water when a correction is made for the small volume 
actually occupied by the gelatin network, whereas, if the apparent 
viscosity had any effect, the conductivity should be reduced by the 
gelatin to a minute fraction of its value in pure water. 

The vapor pressure of even a 20-per cent gelatin jelly is prac- 
tically the same as that of water, indicating the presence of pure 
water in accordance with the network theory. 

By placing a strain upon gelatin jelly in one direction, double re- 
fraction is produced, a property always associated with a deliniie 
structure and with anisotropy. Even dilute solutions of gelatin show 
double refraction on compression or when passed between two cylinder', 
rotating in opposite directions. With increasing strain, the effect is 
increased up to a point corresponding to an elastic limit. This in 
dication of structure even in gelatin solutions corroborates the views (u' 
Loeb and of Bogue. 

The fact that the viscosity of gelatin solutions is lowered by simply 
agitating the solution is another piece of evidence in favor of tlie 
existence of a structure in gelatin solutions and still further evidence 
is furnished by Loeb’s work on the viscosity of gelatin solutions and 
Bogue’s measurements of plasticity, to be described later. 

Relation of the Osmotic Pressure and Viscosity of Gelatin Solu- 
tions to the Swelling of Gelatin Jellies. 

In an extensive series of experiments, Loeb has shown that the 
variations in osmotic pressure and viscosity of gelatin solutions with 
change of pH value or of concentration of salt, parallel the corre- 
sponding variations in the degree of swelling of gelatin jellies, which 
is what would be expected on the basis of the theory of protein-salt 
formation described above. ‘This parallelism is shown by the curves 
in Figs. 49 to 54. 

In each determination of the two series of experiments performed 
to get the curves shown in Fig. 49, i gram of powdered gelatin 
was put for i hour at 20° C. into 100 cubic centimeters of acid solu- 
tion of definite strength. The volume of the gelatin was measured, 
after settling, in a graduated cylinder and the pH value of the jelly 
was determined after melting. The volume is plotted against the pH 
value of the jelly and not that of the external solution, which was 
always lower, as explained in the discussion of the theory of swelling. 

The curves in Fig. 50 were obtained by rapidly heating to 45° C. 
solutions of 0.8-per cent gelatin containing different amounts of acid, 
maintaining this temperature for i minute, cooling rapidly to 24", 
and immediately determining the viscosity at 24°. The viscosity is 
plotted against the pH value of the gelatin solution.®^ 

“Z. physik. Chem, 50 (1907), 553. 

Series and the Physical Chemistry of the Proteins; II. Jacques Loeb. J Getinjl 
Fhystol. 3 (19^0), 247. 

'flon Series and the Physical Properties of Proteins; I. Jacques Loeb. /. Genetdl 
Physxol. 3 (1920), 85. 
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In the experiments whose results are shown in Fig. 51, collodion 
|y(rs cast in the form of Erlenmeyer flasks having a volume of 50 
' line centimeters, were filled with i-per cent gelatin solutions con- 
Sning different amounts of acid. Each bag was closed with a rubber 
stopper fitted with a glass tube serving as a manometer and put into 



Variables as Functions of pH Value. 

Fig. 49.— Volume of powdered gelatin. 

Fig. 50, — Viscosity of gelatin solution. 

Fig. 51 —Osmotic pressure of gelatin solution. 

a beaker containing dilute acid solution of the same kind as was used 
io making up the gelatin solution. When osmotic equilibrium was 
established, the level of solution in the manometer wa.s recorded 
and plotted against the pH value of the gelatin solution.’^* Ihe 
measurements were made at 24*". 

Ihe explanation of the parallelism between the curves for swell- 
ing, viscosity, and osmotic pressure as functions of pH value is that 

, **Donnan Equilibrium and the Physical Properties of Proteins; II, Osmotic Pressure. 
Jacques Loeb. J, General Physiol, 3 (1921^ ^ 9 *. 
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the variation in each case is due to the same fundamental cause, namely, 
the establishment of a Donnan equilibrium. In the viscosity measure- 
ments, the solutions contain aggregates of gelatin molecules capable 
of swelling with change of pH value and, since the viscosity ipust in- 
crease with the increasing volume occupied by the gelatin, we should 



Variables as Functions of Concentration of Added Salt. 

Fig. 52.— Volume of powdered gelatin. 

Fig. 53.~Viscosity of gelatin suspension. 

Fig. 54.“Osmotic pressure of gelatin solution. 

expect the viscosity to rise and fall with the degree of swelling of ib^ 
gelatin particles. 

In the experiments on osmotic pressure, we have an application of 
the Donnan equilibrium which is considerably simpler than that involved 
in the swelling of jellies, although of a similar kind. 

In the swelling and osmotic pressure experiments, we note that the 
points of maximum given by sulfuric acid are only half as great as 
those given by hydrochloric acid, which is in harmony with the theory, 
since the divalent sulfate ion has no greater diffusion pressure than 
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the monovalent chloride ion and is only half as numerous for equivalent 
,,,ncentrations of gelatin salt. 

In Figs. 52, S3, and 54 are given curves showing the depressing 
of increasing concentration of neutral salt u\x)\\ the volume of 
|K.\v(lered gelatin,®* the viscosity of a suspension of powdered gelatin,®* 
and the osmotic pressure of a solution of gelatin.®® Again we find a 
parallelism in the results that would be exj:)ected from the theory. 

Osmotic Pressure and Membrane Potentials. 

A discussion of the mechanism of the osmotic pressures exerted 
hy protein solutions may serve to make the theory of swelling, which 
is the more important in leather chemistry, a little clearer. The 
( ollodion bags used in Loefi^s experiments were permeable to water and 
siini)le acids, bases, and salts, but not to dissolved proteins. Let us 
consider a solution of gelatin chloride and hydrochloric acid contained 
in a collodion bag which is brought into contact with pure water. 
Hydrochloric acid diffuses out through the membrane until equilibrium 
is established between the external solution and the gelatin solution 
inside the bag. The outside solution contains only hydrochloric acid, 
but the inside solution contains both hydrochloric acid and gelatin 
cldoride. At equilibrium, in the outside solution, let 

x=[Hi = [cn 

and in the inside solution let 

y=[H1 

z =z [gelatin ion] 

whence [Cl'j = y -j- z. 

It is apparent from the reasoning given early in this chapter that at 
e(|uilibrium 

x2z=zy(y + z) 

and that 2y + z > 2x. 

• lie greater concentration of diffusible ions of the inside solution, 
-V + c, must give rise to an osmotic pressure proix)rtional to the 
quantity e in the expression 

e = 2y + z — 2x. 

I his assumes that the gelatin exerts no osmotic pressure of its own, 
which may not be strictly true. A correction would have to be made 
uv adding to e an amount corresponding to the osmotic pressure of the 
K<"Iatin. But Loeb has shown that any such correction that may l)e 
essary is less than the probable experimental error of measurement. 

I Equilibrium and the Physical Properties of Proteins; HI. Viscosity. Jacques 

2ir{' Physiology 3 (1921), 827. 

! K ^/luUibrium and the Physical Properties of Proteins; I, Membrane Potentials. 

• General Physiol. 3 (1921). 667; 

I p*; of the Inflirencc of Acid on the Osmotic Pressure of Protein Solu* 

Jacques Loeb. J. Am. Chem, Soc. 44 (1922), 1930. 
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When X, y, and z are determined in the solutions, the osmotic pres^ 
sure can be calculated. At 24^ C. the osmotic pressure, in terms of 
millimeters pressure of a column of water, equals 2.5^ X For 
casein chloride, Loeb found that the observed osmotic pressure ap- 
proximated the value 250000^ as closely as the determinations could 
be made. 

Because of the unequal distribution of ions between the inside 
and outside solutions, there must be an electrical difference of potential 
set up between the two solutions whose measure at 20^ C., as in the 
case of the jellies, is given by the formula 

P.D. = 58(pH inside minus pH outside) millivolts. 

In determining the potential difference between the inside and oiu- 
side solutions, Loeb used an apparatus similar to that shown in Fig. 4;. 
The collodion bag containing the inside solution was hung in the 
beaker filled with the external solution. The manometer tube of the 
collodion bag was replaced by a funnel. The capillary tube of the 
right hand calomel cell was dipped into the funnel so as to make 
contact with the inside solution, t he potential difference of the system 
was then measured by means of a Compton electrometer. 

TABLE XV. 

Gelatin Solutions at 24° C. 
pll value of 

Osmotic Inside Outside (a) P.D (millivohsj 


Moles pressure solution solution minus Calcu- Ob- 

NaNU* per liter (mm.) (a) (b) (b) laied served 


None 435 3-58 3.05 0.53 31.2 31 

0.000244 405 3.56 3.08 0.48 28.3 28 

0.000488 371 3*51 3-10 0.41 24.0 24 

0.000975 335 34 d 3 -n 0.35 20.7 22 

0.00195 2»o 3.41 3.14 0.27 16.0 lO 

0.0039 215 3.36 3.17 0.19 1 1.2 12 

0.0078 134 3-32 3-20 0.12 7.0 7 

0.0156 85 3.29 3.22 0.07 4.1 4 

0.0312 63 3,25 3.24 0.0 1 0.6 0 


Further quantitative proof of the correctness of the theory is fur- 
nished by the data in Table XV, showing the depressing effect of 
increasing concentration of neutral salt upon the osmotic pressure 
and potential difference of a system in which an acid solution of 
gelatin is separated from a gelatin- free solution by means of a collodion 
membrane.^^ The osmotic pressure curve is plotted in Fig. 54. Wlien 
equilibrium was established, the pH values of both inside and outside 
solutions were determined and the potential differences were determined 
in the manner described above. The potential differences were also 
calculated from the pH determinations, the factor 58.8 being used for 
24°. The agreement between calculated and observed results is as 
nearly perfect as could be hoped for. 

•^The Colloidal Behavior of Proteins. Jacques Loeb. /. General Physiol. 3 (1921), 557 
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With increasing concentration of salt, the pH values of the inside 
;in<{ outside solutions approach each other. According to the theory, 
(lie distribution of any ion between the two solutions is similarly affected 
l.v the addition of salt; i.e., the logarithms of its concentration in the 
indde and outside solutions, respectively, approach each other bring- 
ing about a lessening of the difference in total concentration of dif- 
fusible ions between the two solutions. It is this effect rather than anv 
Mipi)osed repression of ionization of the protein salt that is responsible 
for the reduction in the swelling of jellies and the osmotic pressure 
viscosity, and potential difference of protein systems. 


Changes in Viscosity of Gelatin Solutions with Time. 

When hot solutions of gelatin are allowed to cool, their viscosities 
mcrease with time until they finally set to rigid jellies. I ocb attribute 
.Ins to the formation of aggregates of gelatin Llecule 1 e ^ S 
creasing with the average pe of the gelatin particles The curv s 
bigs. 55 and 56 show that thi. 


me 

in 


m 



f^elahn^cowJ” 8?^ pH value and temperature of the 

heating 2 ner r effect of pH value was determined by rapidly 
^^ulfurir solutions containing different amounts of 

‘•Th R • ^ rapidly to 20°, and then maintaining 

the Viscosity of Gelatin 
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this temperature while vi^osity measurements were made at intei val, 
of 5 or 10 minutes. An increasing concentration of acid tends to nre* 
vent the formation of aggregates; the viscosity increases most raitidi. 
at the isoelectric point. 

The effect of temperature was determined by rapidly heating 2 |)cr 
cent gelatin chloride .solutions having a pH value of 2.7 to 45” p 
cooling rapidly to the temperature at which the viscosity measurenicuts 
were to be made, and maintaining this temperature while determina^ 



Fic. 57.— Viscosity-plasticity curves for a 20-pcr cent gelatin solution. 

tions were made at intervals of 5 or 10 minutes. The remarkable point 
to be observed is that the viscosity increases with time at temperatures 
below 35° C., but decreases with time at higher temperatures. 

Bogue*" measured the viscosities of gelatin solutions at different 
temperatures by means of a Macmichael torsional viscosimeter, .^t 
each temperature he made measurements for a number of different 
speeds of rotation of the cup. A set of these is shown in Fig. 57- 

in Protein Systems. R. H. Rogue. J. Am. CAfm. 44 
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riic continuous lines cover tlie range of actual observation and the 
, lotted portions represent the curves cxtraiwlated to zero speed of 
,,)t;itioii. For all tein])eratures above 34° C. the extrapolated curves 
pass through the origin, indicating truly viscous flow. But for lower 
ti'inijcratures, the curves do not pass through the origin; they indicate 
,1 tiiiite deflection for an infinitesimal speed of rotation, showing that 
here we have an example of plastic flow. The gelatin solutions at lower 
icin|)erature actually possess a measurable degree of rigidity. This is 
farther eyidrace in support of Smith’s view that at temiieraturcs above 
35^ gelatin in solution exists in a form having no jxrwer of gelation. 
As tlie temperature is lowered, some of this sol form changes into a 
gcl form which has the power of gelation. As the temi)eraturc is 
Idwcred, the proportion of gel form to sol form increases until at 15° 
,ind lower temperatures all of the gelatin exists in the gel form, 'llie 
vtnictnre of the aggregates of molecules of the gel form is such as to 
impart to the solution the rigidity observed by Rogue. 

When an acid solution of gelatin contained in a collodion bag at 
jN C. is brought into equilibrium with a pure aqueous solution of 
the .acid, the solution actually is separated into 3 phases. The gelatin 
solution within the bag has a hydrogen-ion concentration less than that 
of the external solution, but greater than that of the solution absorbed 
by the aggregates of gelatin molecules suspended in the gelatin solu- 
tion. Loeb*' has shown that, with increasing proportion of aggregates 
to dissolved gelatin, the variation of pH value produces an increasing 
crfcct upon viscosity, but a decreasing effect upon osmotic ])res.surc 
nicasurements, as would be expected. 

Theory of Salting Out and the Stability of Colloidal Dispersions. 

Protein solutions and other so-called eniulsoid colloids differ from 
the suspensoid colloids, such as colloidal gold, in requiring relatively 
very high concentrations of salt to precipitate their sols. It is gen- 
erally admitted that the stability of colloidal disjxirsions is increased 
the electrical charge usually associated with the particles. However, 
Hit little quantitative work has been done on the actual determination 
this charge. 

Powis measured the potential difference at the oil-water boundary 
r* an emulsion of cylinder oil and found that the emulsion was stable 
oil y when the absolute value of the ix)tential difference exceeded 30 
niillivolts. When it was reduced to any value lying between plus or 
annus 30 millivolts, coagulation took place, but at a rate which was 
nnlcj)€ndent of the voltage. 

rf pointed out by the author in 1916 that DonnaiTs theory 

I membrane potentials is applicable to suspensoids as well as to pro- 
Pni jellies. A gold sol may be taken as a typical example. When gold 
^ ispersed in water, the presence of chloride, bromide, iodide, or 

a'e the Stability of an Oil Emulsion and the Potential Difference 

PhvHb rL ^ Surface Boundary and the Coagulation of Colloidal Suspensions. F. Powis, 

09 O914), 186, 

wry of Colloids. J. A. Wilson. J, Am, dim, Soc. 38 (1916), 198.?, 
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hydroxide ion in concentrations ranging from 0.00005 to 0.005 norm;,] 
has a marked stabilizing effect on the sol produced 'and the partidi > 
are negatively charged. The effect seems to be due to the ability dt 
these ions do form stable compounds with the gold. Fluoride, nitrate, 
sulfate, and chlorate ions decrease the stability of gold sols, whidi 
is significant in view of the fact that they do not form stable compoiiiKb 
with gold.*2 

In Fig. 58 let A and B represent two gold particles stabilized by 
potassium chloride. In combining with the gold, the chloride ions have 
imparted their negative charges to the particles. But the potassium 
ions are still left in solution, although their field of motion is restricted 
to the thin film of solution wetting the particles because they miM 
continue to balance the negkive charges on the particles. The volume 



Fig. 58. — Particles of stable gold sol showing enveloping films of aqueous 

solution. 

of the film of aqueous solution enveloping a particle will be measured 
by the surface area of the particle and the average distance that the 
potassium ions are able to travel from the surface. 

Let us now consider the case where an amount of potassium chloride 
is present in the sol too small to cause precipitation. The envelopint: 
film will contain potassium ions balancing the charges on the par- 
ticles as well as ionized potassium chloride. The surrounding solution 
will have potassium and chloride ions only in equal numbers. In the 
surrounding solution let 

x=[Kq = [cn 

in the enveloping film let 

y= [Cl'] 

and z = [K+] balanced by charges on the particles, 

whence • y + z represents the total concentration of potassium ion. 

As was shown in the discussion of Donnan’s theory, the product 
[K"^] X [Cl'] must have the same value both in the enveloping film and 
in the surrounding solution at equilibrium. Hence 

x' = y(y + z). 

♦■•’The Electrical Synthesis of Colloids. H. T. Beans ami H. E. Eastlack, /. / 1 m. 

Sue. 37 (1915), 2667. 
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I I,,’ Mirfacc layer of solution will have a greater concentration of ions 
ill, in the surrounding solution by the amount 2y -f z— ix. This un- 
i,|u:il distribution of ions will give rise to a difference of potential 
IhIuccii the enveloping film and the surrounding solution whose 
iniasiire is 


,, KT X 

h=-^log-. 


RT 

F 


log- 


2X 


■ z + V 4 X- -f Z- 


llui now, if we increase .v without limit while c remains constant, IC 
inibt decrease, approaching zero as a limit, since 


limit 

X ~ 00 




— 0 . 


It is thus evident’ that the difference of |X)tential helween the enveloj)- 
film and the surrounding* solution will he a maximum when there 
110 free ix)tassium chloride present and will decrease, aiiproachini; 
/t il), as the concentration of ],x)tassium chloride is increased without 
limit. 

The particles shown in Fig. 58 are prevented from coalescing be- 
cause there is a sufficiently high jxitential difference of the same sign 



i'o 59 -' -Coagulation of gold sol initiated by reduction of potential difTerenee 
I 'Ft ween enveloping films and the surrounding solution, by the addition of 
potassium chloride. 


I'rlween the surrounding solution and each enveloping film. The 
electrostatic repulsion is determined by this ixitential difference rather 
than by the absolute electrical charge on the particles because the surface 
him completely envelops the particles and endows them with its own 
ht'<»lX‘rties. 

^Vhen enough potassium chloride has been added to biwer the 
^'tential difference to a point where it is no longer able to overcome 
*he attractive forces between the particles and the surface tension of 
enveloping film, the particles move toward each other and the 
^;;vclopinjT fiijiis Qf Qj. particles blend into one, as shown in 
59 * It is at this point that the actual charges themselves come into 
h'^y and probably determine the nature of the precipitate. 
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We have now only to sul)stitute for the solid ])article with iis 
enveloping film the molecular network with aqucnus solution fillino 
the interstices to make this theory of salting out apply to gelatin aiKl 
similar proteins. 

By referring back to Loeb’s data in Table XV, it will be noted that 
the potential difference between an acid solution of gelatin and a gelatin- 
free solution with which it was in equilibrium was reduced to less 
than one millivolt by the addition of 0.031 mole per liter of sodium 
nitrate. If we may assume a similar lowering of potential differciuc 
between highly dispersed gelatin particles and the dispersion medium 
by the addition of this quantity of salt, it would follow that coagula- 
tion as a function of this difference of potential is not independent 
of the properties of the disperse phase. A gelatin solution shows m 
tendency to precipitate in the presence of 0.03 mole of sodium nitrate, 
but Powis found that his emulsion of cylinder oil ceased to be stable 
when the potential difference was reduced to 30 millivolts. Half- 
saturating a gelatin solution near the neutral point with ammonium 
sulfate will cause its precipitation, but we have as yet no data in- 
dicating the extent to which the potential difference is lowered before 
the precipitation begins. 

Thomas has called attention to the fact that the stability of col- 
loidal dispersions may be determined more, in some cases, by the at 
traction between the dispersed phase and dispersion medium than hv 
the difference of potential at the interface. The low degree of attrac- 
tion between oil and water was probably responsible for the coagula- 
tion of Powis' emulsion at 30 millivolts. Apparently a potential 
difference of less than one millivolt is sufficient to prevent the precipita- 
tion of certain protein solutions because of the attraction existing be- 
tween the protein and water. The attraction between sugar and water 
appears to be so great that no potential difference at all is required 
to keep it in solution. 

Loeb's work, taken in conjunction with investigations in the author’s 
laboratories, indicates that the lowering of the potential difference of 
protein systems is not brought about by repression of ionization of 
the protein salts, as has often been supposed, but rather bv the meeba- 
nism of the Donnan equilibrium just described. In gelatin systems in 
which the potential difference has been lowered to a very small value, 
we find no repression of ionization of gelatin chloride measurable bv 
means of calomel electrodes. Moreover, there is no need to postulate 
such repression in order to account quantitatively for the observed 
results. 

An application of this theory of salting out to soap soliitinns 
furnishes a needed addition to McBain's theory of soap solu- 
tions, in .which it would be well also to look upon the micelle 
as an aggregate of monovalent ions rather than as a complex polyval- 
ent ion. 

The Solution Theory of Colloidal Dispersion. A. W. Thomas. Lecture before tlie 
Milwaukee Section of the American Chemical Society. September 15, 1922. , 

^ ** Colloidal Electrolytes. Soap Solutions and Their Constitution. T. W. McBain an i 

C. S. Salmon. /. Am. Chem, Soc. 42 (1920), 426. 
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Adsorption. 


liver since Gibbs sliovved that the concentration of the solute nnist 
he <Tcater at the surface than in the bulk of solution where the solute 
lowers the surface tension of the solution, there has l)een a tendency 
to l(K)k upon this proof as an explanation of the fact that substances 
of f^reat specific surface reduce the concentration of solute in many 
(lifierent kinds of solution with which they are brought into contact. 
The error in this tendency lies in the fact that Gibbs’ work applies 
only to the lowering of the surface tension by a substance actually 
ill solution. Since, in many cases, it has not been found possible to 
determine the actual concentration of solute in the layer of solution 
iinniediately in contact with the surface of the material causing a 
decrease in concentration of solute in the bulk of solution, any con- 
clusions as to the causes of such decrease have been o\)tn to question. 
Ill the case of gelatin, however, it has been found possible to measure 
concentrations in the absorbed solution and this has thrown considerable 
li^lit on the phenomenon known as adsorption. 

Adsorption is a term now widely used to indicate the removal of 
solute from solution by a material in contact with the solution. An 
empirical formula was proposed by Freundlich^^ which agrees ap- 
proximately with some observed results over limited ranges, provided 
the two constants required in the formula can be selected to suit the 
t'lndings. The formula may be represented as follows: 


w = ax^, 

where 7 V is the amount of solute removed from solution by unit quantity 
"1 the adsorbing material, x is the final concentration of solute, and 
and b are constants selected to suit the occasion. Freundlich mentions 
that h may vary from o.i to 0,5, but a very much more. 

The very nature of the equation makes it capable of fitting a great 
variety of data, especially since the constants may be selected as de- 
''i^'cd. but it doesn’t explain anything. Referring back to Table XI, 
we fpid that the total quantity of chloride in the gelatin jelly at 
e<jiiilibrium, represented by V(y + z), can be represented as a function 
"1 the hydrogen-ion concentration by the use of Freundlich’s formula, 
betting Vfy -f z) = 7.33x®-^^ we can plot a curve for the total quantity 
" hydrochloric acid, combined and uncombined, which has been ab- 
^^<'1 bed by the jelly that agrees fairly closely with both the calculated 
•ind observed results given in Table XI, although not quite so well 
1(^\7 ^^Iculated and observed results with each other. Plotting 
1*'^' ^ y r z) of the above equation against logx, we get a straight 
VP ^ r ' observed results never give a perfectly straight line, but 
^Th^ directions as do the calculated results of Table XI. 

also concentration of gelatin chloride shown in Fig. 42 

^^presented approximately by Freundlich’s formula by 
? z o.iox° *. The formula is a convenient means of represent- 
Kapillarchcmie. H. Freun^llich, Teipsic, 1909. 
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ing a reaction approximately over a liniitetl range, which it is able tn <1., 
merely because many variables give curves that are nearly i)aral. .lic 

in shape. , 

Adsorption, so far as it pertains to gelatin jellies, is a manif(M,v 
tion of chemical combination complicated by the separation of ilic 
solution into two phases. We see no reason for looking upon adsnip 
tion by other materials in any different light. In the case of suspens( litb, 
we are dealing with two phases of the solution apparently analogdiK 
to those of gelatin systems, the film of solution enveloping the particle, 
corresponding to the solution absorbed by the jelly. 

For a more elaborate treatment of certain phases of modern thoorit , 
of the physical chemistry of the proteins, the reader is referred ic 
Loeb’s "Proteins and the Theory of Colloidal Behavior” and tn 
Bogue’s “Chemistry and Technology of Gelatin and Glue.” 

McGraw-Hill Book Co., New York, 1922. 



Chapter 6. 

Preservation and Disinfection of Skin. 


Tractically every country in the world supplies hides and skins for 
Icithcr manufacture. The skins from lar^e, fully grt>wn animals are 
Usually called hides, those from half j^rown animals of the lari;er 
\aiitlv kips, while those from snmll or very young animals, or those 
iiitrndcd for furs, are called skius. I'or example, as the calf grows 
iiiid a cow, its skin remains a skin until it reaclies a weight of about 
15 {H)inuls in the wet state, when it hecomes a kip, while it becomes 
a hide at al)out 30 pounds. I'hese figures are necessarily arbitrary, 
hut serve to indicate the general scheme of classifying skins accord- 
ing to size. A bull hide may weigh more than loo pounds. A sheep 
>kiu always remains a skin because it never assumes great size. 'I'he 
skin of the full grown blast Indian buffalo is called a kip because it 
is sinaller than the ordinary cow hide, b'or convenience, the term skin 
b used in its general sense throughout this hook to include hides and 
kips, except when referring to s]>ecitk cases. 

d he fact that animals are generally raised and slaughtered for food 
rather than for purposes of leather manufacture makes the tanner’s 
chief raw material a by-product of the i)acking industry. For this 
rca>on a decreasing consumption of leather has but little influence u|)on 
ihv continued supply of skins, although it does tend to lower their 
market value. On the other hand, a brisk demand for leather generally 
‘i'K s not in itself stimulate the raising and slaughtering of cattle, but 
lather has the effect of increasing the vigilance against damage to 
tile existing .supply of skins by jnitrefaction, careless handling, or the 
ra\ages of insects. Raw .skins are highly putrescible and, since a 
'"iisiderable period of time usually elapses between the slaughter and 
the first tannery ojxiration, it is neces.sary to sul)ject them to some 
”t(thod of preservation as soon as possible after flaying. 

Salting. 

I he commonest method of preserving skins, where they do not 
hiive to be transported very long distances and where salt is reasonably 
^lieap and plentiful, is salting or curing, as it is sometimes called. 
Ihe skins are laid out flat, flesh side up, and covered with salt in 
^na.unt equal to about one quarter of their weight. Often they are 
I'hi^ed in piles so arranged tliat the sides are higher than the center, 
which keeps the brine from flowing away, but this is undesirable unless 

>33 
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the skins have previously been washed free from blood. Sometimes 
they are soaked in a concentrated solution of salt first and then covered 
with dry salt. The object is to get the salt to diffuse completely through 
the substance of the skins, which may require only a few days for 
light skins or weeks for heavy hides. Each skin is then folded up, 
hair side out, and in this condition sent to the market. 

Where the blood and lymph have been removed from the skii^ 
immediately after flaying and enough pure salt has. been used to 
give a nearly saturated solution in the skins, putrefaction is reduced 
to an almost negligible degree and the skins may be kept for a lung 
time with comparative safety. Common salt is most widely used, bm 
sodium sulfate and other neutral salts are also effective and actually 
used in some places. 


Salt Stains. 

A defect commonly found in salted skins is the appearance of 
peculiar stains, usually either rusty brown or greenish blue in color, 
which are sometimes very difficult to remove and only become in- 
tensified and darkened through contact with sulfide-lime liquors or 
vegetable tan liquors, substantially lowering the market value of the 
leather. Because they are a source of loss and annoyance to the tanner, 
efforts have been made, from time to time, to determine their cause 
and methods for preventing them. Some stains disappear when the un- 
haired skins are pickled with a solution of sulfuric acid and salt, but 
others are resistant even to this process as ordinarily conducted. I'hcse 
stains received the name salt stains from the general belief that they 
were caused by the salt used in curing. At any rate, it was ap- 
preciated that their frequency of occurrence was influenced by the 
composition of the salt and the method of its application. 

The percentage of stained skins was especially high in those parts 
of Europe where edible salt is taxed and the salt used for curing must 
be denatured. The use of commercial aluminum salts, i)articularly 
those containing iron, was looked upon with suspicion and the scientitic 
men of the industry began to seek other denaturing materials that 
would tend to prevent rather than to cause stains. 

One important school of thought regarded bacterial action as being 
largely responsible for the formation of the stains and sought de- 
naturing materials capable of checking bacterial growth. Paessler' 
found that the percentage of stains appearing on skins could be greatly 
reduced by curing with salt denatured with 3 per cent of its weight 
of anhydrous sodium carbonate. His discovery was put into general 
use and had the important effect of considerably decreasing the 
l)ercentage of stained skins. 

Schmidt ^ showed that bacterial action could be effectively checked 
by using salt previously sprinkled with a 12 -per cent solution of zinc 
chloride and this method has been used to some extent to prevent salt 

' Salting of Hides and Skins. J. Paessler. Ledertech, Rundschau (1913), 137. 

‘Depreciation of Skins in Process. C. E. Schmidt. Shoe & Leather Rep., March 
6, 1911. 
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‘tains. But, after making a series of comparative tests, Paessler* 
c lainied that zinc chloride was no more elTeclive than sodium carbonate 
in preventing salt stains. 

Kuniana and Baldracco ^ suspected the blood and lymph as the source 
,,1 the stains and tried washing the skins very thoroughly after Haying 
and before adding the salt. On skins thoroughly washed they found 
,1,1 stains at all. They also found that the stains could be prevented 
by adding to the salt used in curing i per cent of its weight of sodium 
iluoride. 

I'dtner '* suggested that many stains are caused by delaying the salt- 
111- uiKTation until bacterial action has already considerably advanceil. 
\\c advised a more thorough eliminatiini of water by heavily .salting 
(he skins, draining off as much brine as ix)ssible, and then resalting. 

[ \\(i brine drained off carries with it proteins which are very susceptible 
lu putrefaction. 

Vucum ^ observed that salt stains occurred much more frecpiently 
ill summer than in winter and were most ahundant where the skins 
had had greatest contact with the air or had been kept for the longest 
IK iiod in the salted condition. I'ests for iron were obtained on pieces 
ot lilter paper previously moistened with acetic acid and placed on 
ilie stains. Where stains still at)i)eared on the finished leather, he 
chtained a test for iron in the stained, but not in the unstained ixirls, 
but iron was often found in the ash of fresh skins which showed 
iu» stains when tanned at once without salting, d'his seemed to in 
dicate that the staining was due to a change in the condition of tlie 
11(111 present which enabled it to combine with the skin, lie was able 
1" produce stains on skins by treating them with hemoglobin and sug- 
,i.:i‘>ted that the hemoglobin of the blood might have been the source 
"1 the staining material. 

becker ' made extended studies of yellow, orange, and red stains 
"11 skins and isolated from them bacteria which, in imre cultures, were 
able to produce the corresixjnding stains, lie also found that adding 
Nilt. uj) to 10 per cent of the weight of the skin, favored the action 
"1 these bacteria, while greater amounts retarded it. lie warned against 
die use of an insufficient quantity of salt in curing, storing the skins 
>11 a warm, damp atmosphere, and of allowing dirt and filth to re- 
main on the skins. As a means of preventing these stains, he recom- 
mended dipping the skins in a 0.25-per cent .solution of mustard oil, 
>"ll<‘wed by the application of plenty of clean salt denatured with 
^‘'dium carbonate. Not being able to reproduce the blue stains by 
facterial action alone, he admitted that these might be due to chemical 
changes other tlian those involving bacteria. 

1 he great stress placed uixjn the role i)layed by bacteria in the 

Illation of salt stains adds interest to the work of .\bt,^ ^ who inain- 

’ Soda as a Denaturant for Hide Salt. J. naessler. I.eiU’rtcth. Hund.uJwu (19^1), 169. 

‘ Salting of Hides and Avoidance of So-f'allcd Salt Stains. C. Kouiana and 0 . Bald 
^ Collegium (1912), S33- 

Mheory of Salt Stains. W. Eitncr. Gerber (1913), seiially. 

. Salt Stains, j. H. Yocum. J. /Im. Leather Chem. Assoc. 8 (1913), 22, 

Stains. H, Becker. Collegium (1912), 408. 

Origin of Salt Stains. G. Abt. Collegium (1912), 388. 
icroscopical Examination of .Skin and ix*ather Applif*! to the Study of Salt Stains. 

^914). 130. 
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tained that most of the salt stains he had examined in France \v» re 
not caused by bacterial action. Particularly bad cases of staining wt re 
traced to the presence of crystals of calcium sulfate in the salt iix.i 
for curing. The stains themselves always contained considerable quan- 
tities of calcium phosphate as well as iron. The stained regions al\va\s 
gave more intense qualitative tests for iron than the unstained regioi^, 
but analysis showed the same actual quantity of iron in both. Hr 
pictured the stain formation as follows: Calcium sulfate preseiu m 
the salt used for curing is precipitated as phosphate through coiuaa 
with ammonium phosphate derived from the nucleic acids of the skm, 
'J’he ammonium sulfate thus liberated then reacts with insoluble fen nils 
carbonate, naturally occurring in the skin, forming the soluble ferroib 
sulfate, which forms a stain by combining with the skin protein. 

Abt attempted to follow the progress of the staining under tin 
microscope and found that the cell nuclei disap^x^ar as the stainiiii,^ 
increases, d'he connective tissues gradually disintegrate, but he coiil<l 
find no bacteria between the altered fibers, nor did the disintegration 
resemble the type of decomposition produc'd by bacteria. He thou-ht 
the iron probably originated either in the chromatin of the cell muh i 
or from the blood. A second tyjxi of stain contained no calcium plicv 
phate, but the epithelial cells were strongly pigmented. 'Hiese staiii> 
he regarded as due to the fixation of the pigment by mineral mattci 
in such a way as to prevent its deconqxisition by the lime liqiun^ 
later on. Abt also recommended adding sodium carbonate to salt in 
be used for curing because it precipitates the calcium salts present aiul 
also exerts an antiseptic and dehydrating action. 

Although Abt contended that most of the stains which he had ex 
amined were not caused by bacterial action, he admitted that bacten:i 
might play an important part in the formation of other tyjxis of stains. 
In fact, he isolated an organism from one stain capable of prodiicin:; 
a brown color on gelatin in the presence of traces of calcium phosphan 
and iron. 

At least three different explanations have been offered to accouni 
for the effectiveness of sodium carbonate in preventing salt stains 
Abt attributed it to the precipitation of calcium salts which might fn 
present in the salt used for curing. Paessler and others, looked upon 
it as due to the production of an alkalinity unfavorable to the action 
of the bacteria thought to be responsible for the stains. Moeller, 
however, suggested that the staining is a tanning action, due to siu h 
agents as the melanins or to iron and sulfur bacteria, but that tins 
tanning action cannot proceed in alkaline solution. It is, of cour.se. 
obvious that the sodium carJ)onate has the important effect of preventing 
iron salts from passing into solution, in which condition they would 
free to combine with the skin forming the stains. 

Summing up the work of various investigators, it would apixar 
that salt stains are of several kinds and may be produced directly bv 
bacteria, such as Becker’s chromogenic organisms, or by soluble iruii 


*®Rdle Played by Bacteria in Production of Salt SUins. ColUgium (1913). 204. 
Ongm of Salt Stains. W. Moeller, Co//e^«m (1917), serially. 
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V ilts. These iron salts may be introduced in the salt used for curing 
,,j- may be formed from the insoluble iron salts already present in tl\e 
,1^11, either by chemical action, as dcscril)ed by Abt, or through tlie 
iiiicivention of bacteria. The blood and lymph of skins furnish an 
excellent medium for bacterial growth and contain comix)inuls of both 
!i. II and phosphates. 

The following simple rules represent the best means known to the 
author for preventing these undesirable stains and, it would seem. 
(>u.i;ht to be quite effective, if carefully observed at the j)oint of slaugh- 
ur. Immediately after Haying, the skins shcnild he washed very 
ill.. roughly in running water to remove as much hlood, Iym])h, ami 
( ther soluble matter as jxcssihle and then salted uniformly in all jKUts 
with plenty of clean salt, free from iron and containing about 4 per 
vxiit of its weight of anhydrous sodium carbonate. During the time 
rc.iuired for the salt to dilYuse completely through the skins, they 
vhould be kept in a cool place and the brine formed should he allowed 
t.i drain away, carrying with it any soluble proteins not previously 
wadied out. .^alt equal in amount to at least (uie (|narter of the weight 
nt (lie skins should he used. Proper curing of skins is necessary. 
Ill it only to prevent the formation of stains, Init also to prevent 
putrefaction that would otherwise impair the yield and substance of the 
Iralher. 

Drying. 

In tropical countries, like Java and India, from which skins are 
nften transtx)rted very long distances, the .simplest and most economical 
method of preserving skins is to dry them. 'I'liis is true for all regions 
where salt and antiseptics are scarce. .Moreover, drying redtices the 
weight of the skin by about 70 |)t‘r cent. In the absence of moisture, 
putrefactive bacteria are j)ractically without action on the skin proteins, 
although the drying does not always kill the bacteria. 

When this method of preserving skins is intelligently controlled, 
^ery little damage to the skin results. In hot climates, care must he 
exercised to prevent excessive heating of ])arls of tlie skin which are 
"till w'ct or the protein matter may decompose. .Sometimes skins are 
'hied so rapidly that the outer layers feel (juite dry, wTile the interior 
1" ^tiil moist enough to permit putrefaction. Skins ])acked and ship|H*d 
m this condition are liable to considerable damage. Defects of this 
Dial usually cannot be detected until the tanner attempts to soak the 
Ains back, when they may actually disintegrate or the grain and llesh 
l ivers may tend to separate, due to the hydrolysis of the j)rotein matter 
"I the interior. If the drying has been -undnly prcjlonged at high 
ti nij)eratures, the tanner may have considerable dift'iculty in soaking 
hie skins back to their normal water content. 

Ihe skin tissues continue to live for .some time after the death of 
hie animal and, in the living condition, are not readily subject to 
I'litrefaction. It is therefore desirable to dry skins as soon as possible 
•liter flaying, d'hey .should first be cleansed thoroughly by w'ashing 
•‘’•vay all the blood and lymph and then suspemled freely in a current 
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of cool air until dry. Where conditions are such that drying cannot 
be effected sufficiently rapidly to prevent putrefaction, as in damp 
climates, it is customary to treat the skins first with some antiseptic, 
such as naphthalene, which acts also to protect the skins against the 
attacks of insects during drying. 

The advantages of drying, as a means of preserving skins, are 
simplicity and sjxied of operation, independence of a supply of pre- 
servative material, and low transportation costs for the skins. 'Ihe 
disadvantages are the difficulty of wetting the skins back later to their 
normal water content, the almost imjxDssibility of detecting damage 
to the skin proteins until they are wet back, and the fact that dried 
skins may carry disease-producing bacteria or their sj[X)res in a form 
likely to spread infection. 

Salting and Drying. 

Sometimes the methods of salting and drying are combined to ad- 
vantage. The skins are first salted in the usual manner, the brine is 
allowed to drain away, and they are then allowed to dry slowly. Tlie 
salt has the effect of hindering putrefaction during the drying. 

This method is extensively used in some parts of India, but the 
salt used is a native earth which, according to Procter,'^ consists chiefly 
of sodium sulfate mixed with sand containing insoluble com|xxmds 
of iron and aluminum. This material is made into a very thin paste, 
which is brushed onto the flesh side of the skins. Next day more of 
the jxiste is rubbed onto the flesh side of the outstretched skin and 
rubbed into it with a porous brick. After 3 or 4 saltings, the skins 
are dried under cover and are ready for export. The iron present in 
the salt sometimes causes a staining of the skins when they are kept 
for a long time in a moist atmosphere. 

Pickling. 

Skins may be preserved by pickling in a solution of sulfuric cr 
hydrochloric acid and sodium chloride. A solution made about N/Jo 
as to acid and 2N as to salt is efficient. This method is not in general 
use for fresh skins because of the complications involved in attempt- 
ing to bring them into an alkaline condition later on for unhairing. 
But for sheep skins, already dewooled, it is a widely used method and 
convenient, because the skins are then ready for chrome tanning with- 
out further treatment. 

The value of this method for preserving sheep skins is increased 
by the fact that wool is often more valuable than the skin. The skins 
are frequently purchased by wool pullers, who remove the wool h\ 
methods to be described in Chapter 8, and then lime, bate, and pickle 
them, in which condition they are stored or resold to tanners. This 
method of preservation permits the immediate use of the wool without 
destroying the skin or forcing it directly into the tanning process. 

Principles of Leather Manufacture, 2nd edition. H. R. Procter. D. Van Nosiran i 
Co., New York. 
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111 pickling, the skins are usually thrown into a vat, equipiied with 
a paddle wheel for keeping the liquor and skins well stirred and con- 
taining a strong solution of salt with a definite excess of sulfuric acid, 
which is controlled by analysis. The skins are left in the pickle liquor 
until equilibrium has been practically reached, which is determined by 
noting when there is little further decrease in concentration of acid 
with time. This may require anywhere from 4 to 24 hours, dej^nding 
u|Kin tiie thickness and condition of the skins and uixin the equilibrium 
1 oiiccntration of acid selected. Equilibrium is reached more quickly 
when more concentrated solutions of acid are used, but, if too strong 
a solution is used, it may be necessary to remove some of the acid 
prior to tanning by washing the skins in a concentrated neutral salt 
solution. After pickling, the skins are allowed to drain and are then 
stored in a damp condition until the tanner is ready to put them into 
process. 

Disinfection. 

Infectious diseases among cattle arc common in many countries, 
larticularly in Asia. For this reason some kind of disinfection of 
skins to be transjMjrted from infected areas is necessary in order to 
prevent the spread of disease germs. Much attention has been paid to 
preventing the spread of rinderpest, foot-and-mouth disease, and the 
much dreaded anthrax, which occasionally proves fatal to human beings 
infected with it. Various governments have issued rules to be fol- 
lowed in disinfecting skins from regions known to be infected. The 
greatest precautions have been directed against the spread of anthrax 
hecause of the danger to human life, but any treatment effective against 
this disease may be considered effective against the others as well. 

Anthrax is the disease caused by the spore-bearing bacillus anthrcuis. 
The bacillus possesses a short rod-like form and is easily destroyed. 
According to Seymour-Jones,^^ drying alone will kill the rod bacillus. 

I he spore, on the other hand, is very resistant to methods of disinfec- 
tion that do not cause some injury to the skins, and it is this that makes 
the problem of disinfecting skins a difficult one. Anthrax .siK)res have 
heen found in dried skins and in blood clots on hair and wool, but 
H-hloni, if ever, in wet salted skins. 

1 Tactical methods of disinfection are limited because so many disin- 
tectants are injurious to the skin and reduce its value for leather 
'ttaking. Consequently only a few workable methods have been devised, 
hif these, the best known is that of Seymour-Jones,‘* who recommends 
■ts employment at the point of export rather than of import because 
“f the danger of spreading the disease during transit. It consists in 
"uaking the dried skins for from i to 3 days in a i-j^er cent solution 
"f formic acid containing 0.02 per cent of mercuric chloride. They 
ue then soaked for an hour in a saturated solution of common salt, 
drained, and baled for shipment. 

' Anthrax Prophylaxis in the Leather Industry. Alfred Seymour-Jones. J. Am. Leather 
* ' ‘7 O922), 55 - 

eurmic- Mercury Anthrax Sterilization Method. Alfred Seymour Jones, Londem (1910). 
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Procter and Seymour-Jones studied the rate of absorption of 
formic acid and mercuric chloride during the soaking operation at a 
number of different concentrations, using i liter of solution per loo 
grams of dried skin. The concentration of acid in the solution alwa\s 
fell slowly during a period of 20 hours, but that of the salt at fir>t 
increased and then dropped, finally approaching a limiting concentra- 
tion. The initial increase in concentration of mercuric chloride \\a^ 
found to be the result of a greater initial rate of absorption or jxmk- 



Fk;. 6o.--CliaiiKC in coni])osition of solution with time in the Formic-Merciir> 
Process for sterilizing skins. 

tration of water and acid than of the salt. The results of one of their 
experiments are shown in F'ig. 60. 

'Phe absor[)tion of water caused by the acid renders the skin almost 
as soft as in tlie fresh state and the subsequent immersion in saturated 
sodium chloride solution brings it into a condition resembling that ot 
salted skins. Seymour-Jones points out that skins in this condition 
are not only properly disinfected, Init that they present less of a gamble 
to the tanner because they show any defects in the skin that would not 
be visible when the skin is in the dried state. 

Schattenfroh proposed a method of disinfection involving the 

Seymour-Jones Antlirax Sterilization Method. H. R. Procter and Arnold Seymour 
Jones. Leather Trades Review throuKh /. Am. Leather Chem. Assoc. 6 (1911), 85. 

A Harmless Method for the Disinfection of Skins against Anthrax. A. Schattenfroh 
Collegium (i9u). 248. 
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sixiking^ of infected skins in a solution containinj^ lo j>cr ctMit nf sodium 
chloride and 2 per cent of hydrochloric acid at 40° C. for 3 days. Much 
,ic]»ate has waged over the relative merits of the Seymour- Jones and 
Sthattenfroh methods. Tilleyd^ after exi>erimenting with both 
methods, concluded that the Seymour-Jones process is etTective, hut 
only provided the concentration of mercuric chloride is as high as 0.04 
jx r cent and the skins are not subjected within a week to treatment 
with sodium sulfide or other substance that would neutralize the disin- 
fectant. It should, therefore, be effective where the disinfection is 
carried out at a foreign port before shipping. Seymour-Jones,’- in 
reply, pointed out that neutralization of the disinfectant by sodium 
^ultide would take place only in the unhairing process, whereas, under 
conditions existing during this process, the sodium sulfide itself is a 
lerfcct sterilizer of anthrax spores. This would seem to eliminate any 
possible danger of anthrax infection from skin or leather tliat had 
passed through the usual lime and sulfide method of unhairing. 

Tilley found the Schattenfroh method effective when the hides were 
allowed to remain in the acid-.salt solution for 48 hours or longer. 
Schnurer and Seveik,^® however, applied the Schattenfroh process to 
very heavy hides and obtained 4 positive tests of infection out of 11 
made after the hides had been in a solution containing 2 per cent of 
hvdrochloric acid and 10 per cent of sodium chloride for 72 hours. 
They attributed the more favorable results obtained by Schattenfroh to 
the fact that he experimented with very thin skins. Using the .Sey- 
mour-Jones process on very heavy hides, they found it necessary, in 
order to get complete sterilization in 24 hours, to increase the concen- 
tration of mercuric chloride to 0.2 per cent, hut hides so treated were 
found by Eitner not to have suffered for tanning purf)oses. They also 
found it necessary to degrease heavy sheep skins before applying the 
Scymour-Jones process, as otherwise a ten-fold dose of mercuric 
( hloride was required. 

Seymour-Jones objected to the Schattenfroh method on the ground 
that it is workable only under laboratory conditions and that its fadois 
"f time, temperature, and general manipulation are not suited to jaac- 
tical operations. Ponder investigating methods of disinfection for 
the Leathersellers Company of London, and Aht,"’ of the Pasteur 
Institute, Paris, working for a syndicate of h'rench tanners, both re- 
p"rted in favor of the Seymour-Jones process. Apj)arently neither 
process does any injury to the skins that can be detected in the finished 
father, according to the findings of numerous investigators. 

Abt, however, has pointed out that hides would contain no anthrax 
''F^res, if they were dried in the .sun immediately after Haying, and this 
view is supported by Seymour-Jones. 

'■ Bacteriological Study of Methods for the Disinfection of Hides Infected with Anthrax 
^jores. F. W. Tilley. J. Am. Leather Chem. Assoc, ii 090 '), OH. 

The Formic-Mercury Process for Sterilizing and Curing Dried Hides. Alfred Sey* 

' ur jones. /. Am. Leather Chem. Assoc. 12 (19*7). 

Anthrax Disinfection of Hides, j, Schnurer and F. Seveik. Ticrdrztliches Zentralbl. 
unoi^h J. Am. Leather Chem. Assoc. 8 (191J). 174- 

” A report to Worshipful Company of I.eathcrscllcrs, 1911. C. I’onder. 

Disinfection of Anthrax Infected Hides and Skins. Pasteur Institute, G. Abt. 



Chapter 7. 

Soaking and Fleshing. 

As received at the tannery, skins contain much material unsuitable 
for leather manufacture and which would introduce serious complica 
tions, if not removed as early in the process as possible. For this rea* 
son every effort is made to remove each undesirable constituent as soon 
as it can be done efficiently. The preparation of skin for tannini^^ is 
carried out in a department of the tannery known as the beamhousc and 
includes, not only the removal of the undesirable parts, but also the 
regulation of the degree of swelling of the skin proteins. 

Kars, cheeks, hoofs, and tails are trimmed from skins still ix)s- 
sessing them and the flesh, or adipose tissue, is removed by working" 
the skin in a Heshing machine, which forces the flesh side of the skin 
against a revolving roller set with sharp blades, which cut away the 
adipose layer. The trimmings and fleshings make ui) the tannery by- 
product known as glue stock and are disposed of for manufacture int<' 
glue and gelatin. 

On the hair side of the skin, the epidermis is made up of a network 
of membranes, forming the walls of the epithelial cells, im[)ermeal)lo 
to the soluble proteins of the skin as well as to other material having 
large molecules or consisting of aggregates of molecules, while on tin: 
flesh side the adipose tissue consists of layers of fat cells bound to- 
gether by extensive series of semi-permeable membranes. It will, 
therefore, be readily appreciated why the adipose tissue must be removed 
before the skin can be thoroughly cleansed and freed from soluble 
protein matter. 

The collagen fibers of the skin are joined together at the lower 
boundary^ of the derma in such manner as to give increased strength 
to the skin. In fleshing, it is im|X)rtant to remove all of the adipo>e 
tissue without cutting into the derma, which would weaken its structure 
as well as lower the leather yield. But reference to Fig. 7 will show 
that this is not difficult where the skin is in its normal state. The 
lower boundary of the derma is sharply defined and the adipose tissue 
is not'joined securely to it at all points. But where the skin has under- 
gone partial or complete drying, satisfactory fleshing becomes a more 
difficult operation. 

During the ordinary methods of drying, protein jellies suffer a 
change of shai)e, as well as of size, depending upon their initial shaix\ 
the resistance offered to shrinkage in any direction, the rate of drying, 
and many other factors. This was prettily illustrated by Sheppard 
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and I'dliott ^ with blocks of gelatin jellies. The photographs shown in 
I'j.rs. 61 to 64 were kindly furnished by Dr. S. l^'. Sheppard of the 
I a^stman Kodak Co. Fig. 62 shows four stages in the drying of a 
of 20-per cent gelatin jelly which was freely sus|x*n(Ied in tlie 
air. No. I represents the original block of jelly. Kh>s. 2 and 3 inter- 
mediate stages in the drying, and No. 4 the dried block. At first the 
drying naturally proceeds most rapidly at the corners, or trihedral 
angles, and the faces of the cube become curved outward, as shown in 
Xo. 2, giving convex surfaces under tension. This is rapidly fcdlowed 
1)V the drying and hardening of the edges, forming a rigid framework, 
s() that the bulk of the jelly now behaves as though suspended inside 
of a rigid wire frame. The faces now gradually recede and the edges 
iK'come somewhat incurved until a sort of inner cube is formed with 
ronnected flanges reinforcing it, any cross-section through this having 
an I-heam structure, as though the drying proceeded in a manner 
developing the greatest resistance to stress. 'I'he llange-like edges 
appear to form sections of hyperboloids with a common focus at the 
center of the cube. Fig. 61 shows three stages in the drying of a 
sphere of gelatin jelly. Even here the drying is not uniform, Init the 
surface becomes puckered and wrinkled. 

'fhe dried forms of two cylinders of gelatin jelly are shown in 
i'ig. 64 and their end views in P'ig. 63. One liase of the first and 
both bases of the second cylinder were allowed to adhere to rigid sur- 
faces during the drying. The shrinkage in area of these bases being 
])revented, the reduction in volume had to be compensated by greater 
shrinkage in other directions. In the drying of a thin coat of gelatin 
jelly on a glass plate, the shrinkage takes place almost entirely in tin* 
direction perpendicular to the plane of the glass surface. 

I ’pon soaking dried blocks of gelatin in water, the swelling jiro- 
cce(ls in the direction counter to that followed during drying and 
the blocks tend to assume the shapes and sizes they [losscssed licfore 
drying. 

During the drying of skin, the distortions of shaixj sufTcred by tbe 
insoluble protein constituents are further com[)licatcd liy the tendency 
h'r tlic fibers to adhere to each other, lie fore a skin can be fleshed 
^•'itistactorily, it is necessary to .soak it in water long enough so that 
■dl of the insoluble protein constituents may swell to their normal sizes 
nid shaix?s. When the skin is not uniformly swollen, the boundary 
I’clwecn the derma and adipose tissue cannot be made to lie in a single 
plane. The fleshing machine would then cut the skin so as to leave 
the flesh side apparently smooth, but in so doing would cither leave a 
^'^aisiderable amount of adipose tissue on the skin to interfere with 
the proper cleansing of the skin or else injure the skin by cutting into 
the derma. The flesh side would look smooth enough ujion coming 
trom the machine, but would be ragged and irregular in thickness after 
the skin had been soaked further or sw'ollen in the liquors used later, 
h- E. Seymour-Jones says that in Euroi)e it is customary not to flesh 

^ ’ Thi Drying and Swelling of Gelatin. S. E. Sheppard and F. A. Elliott. /. Am. Chem, 

^ 44 (1922), 373. 




Fig. 6i. —Three Stages in the Drying of a Sphere of Gelatin Jelly. 



Fig. 62. — Four Stages in the Drying of a Cube of Gelatin Jelly. 



Fig. 63. — End Views of Dried Cylinders of Gelatin Jelly. 



Fig. 64.— Two Cylinders of Gelatin Jelly Dried with One and Two 
Faces, Respectively, Adhenng to Rigid Surfaces. 
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4 Mis until after at least a preliminary liming. In America, tanners of 
it skins usually flesh them after liming. 

Heavy, dried hides not only require a more drastic treatment than 
IjMht. fresh skins, but are also better able to stand it without injury 
{.. the resulting leather. In order to get better and more uniform 
It siilts, the tanner sorts the skins he receives according to weight and 
rt neral condition. A suitable number of skins, all as nearly alike as 
possilde, are assembled into a unit lot and kei>t together throughout 
t!i( process. The treatment is then determined hy the average size and 
t. iKlition of the skins as well as by the kind of leather desired. Very 
lar^c hides are often cut into two sides along the line of the hack hone, 
inr lonveniencc iii handling. 

W here the skins come to the tannery in a perfectly fresh condition, 
the soaking and fleshing ojxirations are extremely simple. After the 
.kins have been trimmed, the adhering blood and dirt arc removed by 
tiiiiililing the skins for half an hour or more in an ojxm drum through 
which water is flowing. They are then fleshed, after which they are 
M>akc(l in several changes of clean, cold water containing salt or a 
vinall quantity of alkali, the object of which is to free them from 
Miliihle protein matter that would otherwise contaminate the Ii(|Uors 
iM‘(l to loosen the hair and epidermis. The purpose of the salt, or 
alkali, is to render the globulins soluble so that they may he removed 
al"iig with the allmmins. 

loir dried, or partially dried, skins it is necessary to soak the skins 
h"ih Ixforc and after the fleshing o|)eration. The first soaking is pri- 
iiiaiily for the purjxise of swelling the insoluble proteins hack to their 
ii-'inial sizes and shapes so that the fleshing operation may he carried 
nt eHicicntly. .The second soaking is for the purpise of freeing the 
'kin from soluble protein matter. 

The time required for the first soaking depends U|)on the extent 
t" which the skins have been dried. Completely dried skins absorb 
' Id water extremely slowly. Since skins, as received at the tannery, 
■‘O' almost invariably contaminated with proteolytic bacteria, the use 
"1 warm water in soaking is somewhat risky, unless the jirocess is very 
'■lo fully watched. It is usually preferable to hasten the swelling of 
dni d skins by adding small quantities of acid or alkali to the soak 
waters. 

I'ccause of the attention centered on the .Seymour-Jones process of 
doinfecting skins, described in the preceding chapter, formic acid has 
' n been used as a swelling agent, although other acids can be used 
’ '!’>‘dly as well by applying a simple system of chemical control. Alka- 
however, are more suitable where the skins are subse(iuently to be 
lied with alkaline liquors to loosen the hair. .Sodium sulfide is most 
■ ^^’^lonly employed to swell dried skins because it requires less careful 
" than tJie use of more caustic materials, such as scxiium hydroxide, 
'"aking, a gallon of water is usually used per ixjund of wet skin or 
r (nie-fifth of a pound of completely dried .skin. Making the initial 
' ^ filtration of alkali about 0.02 normal is usually enough to initiate 
d f swelling without causing damage either to the skin or the liair. The 
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solution after using is then only very faintly alkaline, the greater pnr- 
tion of the alkali having combined with the protein matter. The 
alkaline liquor is used only for the first soaking after which the skins 
are moved into fresh water each day until swollen to normal. 

Sometimes the absorption of water and softening of the skins is 
assisted by tumbling them in revolving drums with water between sin - 
cessive soakings. This is usually done with heavy, dried hides or 
sides. 

As a rule, salted skins can be fleshed after soaking for only (me 
day, or less. After fleshing, it has been the custom to soak the skins 
in successive changes of water until practically all of the salt has Ikhh 
removed. The salt diffuses out from the skin much more rapidly than 
the soluble protein matter, so that continuing the soaking until all nf 
the salt has been removed is not unduly prolonging the process wIuk 
it is desirable to free the skin as far as possible from solul)le protein 
matter. This custom, however, has created a widespread, l)Ut erroncou^. 
impression that it is dangerous to carry salt into the lime liquors. ( hi 
the contrary, salt assists in the unhairing and plumping of skins by the 
ordinary lime liquor. Its action in this resjiect apjx^ars to be due t>) 
the fact that it increases the hydroxide-ion concentration of alkaline 
solutions in general.^ 

Defects in finished leather are often traceable to the soaking o[)er:i 
tion. Although bacterial action is the chief source of danger, the skin 
may suffer from other causes. The tissues of the body do not neee^ 
sarily die with the animal, but may continue to live for an indefinite 
ixriod, if sufficiently well supplied with nourishment. For this rea^n 
it is conceivable that the sudden chilling of a fresh skin may exert an 
effect ujx)!! the muscles and glands of the thermostat layer. If. h r 
example, the erector pili muscles were suddenly contracted and para 
lyzed by chilling, the result would be a permanent roughening of ilu 
surface of the skin. There have been cases where an unusual rouglnu 
of the grain surface of leather seemed to result from the sudden nn 
mersion of the warm skins, before tanning, in water near the free/ini: 
point. But the danger from proteolytic bacteria makes the use of warm 
water undesirable for soaking. Cold water should be used, but tin: 
oixrations should be so conducted that the temperature of the skins tali- 
gradually. 

How long the various parts of the skin continue to live and functimi 
after the animal has been flayed remains to be determined. We < 1 " 
know, however, that the skin undergoes changes of one sort or anotlier 
practically from the moment of flaying. McLaughlin ^ noted that tlie 
rate of swelling of hide in saturated lime w^ater decreases during the 
first two or three hours following the flaying of a freshly killed animal. 
A strip of hide put into lime water containing undissolved lime in 
excess 30 minutes after flaying swelled about 30 per cent more in 120 

• The Hydrogen- and Hydroxyl-Ion Activities of Solutions of Hydrochloric Acid, Soi 
and Potassium Hydroxides in the Presence of Neutral Salts. II. S. Harncd. J. Afn. 

*¥o8t-Xlortcna Changes in Hide. G. D. McLaughlin. 7. Am, Leather Chem. - ‘ 
l6 (ipax), 435. 



SOAKING AND FLESHING 


147 

hdiirs than a corresponding strip put into the lime water 210 minutes 
alter the flaying. 

riiis is, of course, not surprising in view of the fact that many 

are known to occur in skin, after the death of the animal, ail 
oi which would tend to retard the swelling in lime water. The coagu- 
lant. 11 of the blood, during which fibrinogen is converted into fiiirin, 
wdiild tend to retard the ix^netration of lime into the skin and the 
partial drying of some of the tissues would act in a similar manner. 
l)( votiiposition of some of the protein constituents would yield simjiler 
l.t.dics cai)al)Ie of forming salts of calcium, which would serve to 
repress the swelling of the proteins by calcium hydroxide. It is jHis* 
sil.lc also that some of the proteins cajxible of swelling are gradually 
Iin'kcn down into simpler bodies not having the power to swell. 

Where the preservation of a skin has been done carefully and 
intelligently, these changes aptx:ar not to have any detrimental effect 
iijM.n the leather jiroduced. The author has tested this by comparing 
ilu' tannage of skins properly preserved and kept for months before 
tanning with the tannage of skins put into process within an hour of 
i!u‘ death of the animals; no appreciable differences could he detected 
Itv chemical, physical, or microscopical examinations of the final leathers, 
r.iit where there is carelessness in handling, the skins may suftcr irrej)- 
aral)le damage before the .soaking operation has been completed. 

The commonest source of danger in .soaking is bacterial action. 
Although the inner surface of the skin on the living animal may be 
for from bacteria, it accjuires them from the atmosjdiere very rajmlly 
from the instant of flaying and acts as an ideal medium for the rej)ro- 
'lui'tion of bacteria. Ily the time the .skin reaches the soak vats, it is 
iMially contaminated with countless millions of bacteria. Many species 
"t these bacteria are known to .secrete enzymes, which may prove as 
It.'innful as the bacteria themselves. 'I'he chief practical object to be 
i^ iined from a study of the bacteria common to tannery soak waters is 
I" tind means of destroying them, or at lea.st of preventing them from 
'Ipiiig any damage to the skins. An extensive .series of investigations 
"f the bacteria and enzymes pre.sent in tannerv liciuors has been made 
W ood."* 

\ndreasch i.solated a number of sjX'cies of bacteria from tannery 
"'■'ik li(|uor.s of which he identified the following: 

Bacillus fluorescens liquefaciens (Fliigge). 

B. megaterium (de Bary). 

B. subtilis. 

B. mesentericus vulgatus. 

B. mesentericus fuscus. 

B. mycoides (Flugge). 

B. liquidus (Frankland). 

B. gasoformans (Eisenberg). 

/ I * and Action of Enzymes in Rclalimu to Leather Manufacture. J. T. Wood. 

*3 (1921). 1135. 

Cerber^ /, Soc. Chem, Jnd.^ 18967. 
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White bacillus (Mascliek). 

Proteus vulgaris. 

Proteus mirabilis. 

B. butyricus (Huept)e). 

White streptococcus (Mascliek). 

Worm shaped streptococcus (Mascliek). 

Grey coccus (Maschek). 



Fig. 65.— Typical Plate Culture on Gelatin of Soak Water Used for 
Softening Dried Sheep Skins. 


All these may be classed as putrefactive organisms that secrete a 
variety of enzymes, many of which act energetically on hide substanee. 

Fig. 65, taken from Wood’s paper, shows a typical plate ciiltui^^ 
on gelatin of a soak water used for softening dried sheep skins, 
which no chemicals were used. The development of the colonies 
to be stopped by the application of formaline v2i\yor before nian\ 
the species had time to develop; otherwise the whole plate would 
been liquefied. 
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Rideal and Orchard ® examined the action of B. fluorescens lique* 
fariens on gelatin to which had been added 10 per cent of Pasteur’s 
solution to serve as nutrient medium. The gelatin was completely 
ln|iielied in three and one-half days. It was shown that the liquefac- 
tion of the gelatin was due to an enzyme secreted by the bacteria. The 
liqiiel'ied gelatin was alkaline and had a slight odor suggesting putre- 
laciion, but contained no hydrogen sulfide. A notable feature was 
the small amount of ammonia and volatile bases produced; only o.j 
oiam of ammonia per 100 cubic centimeters was produced even after 
'll, (lays’ incubation. 

In bacterial action of a certain type, one of the first effects to be 
noticed is the loosening of the hair, a condition known to the trade as 
hair slippiness. Either the bacteria, or the enzymes whicli they secrete, 
act iqxjn the soft epithelial cells of the Malpighian layer of the e|)i(ler~ 
ini>, liquefying them and thus effecting a sei)tiration of the whole of 
the epidermis and hair from the rest of the skin. I'liis action alone 
n nut harmful, but the bacteria devek»p rapidly and soon begin to 
attack the fibers in the grain surface and the skin is iK*rmanently 
injured. This effect shows itself in the finished leather in the form 
III dull s\yotSj or what is known as pitted grain. In some cases the 
hacteria attack the heavier collagen fibers without injuring the fibers 
Ilf the grain surface. When the bacteria attack the proteins of the 
thermostat layer, they weaken the connection between tlie fibers of the 
i;rain surface and those of the reticular layer; in the finished leather 
the grain surface then tends to peel off and its looseness of connection 
Willi the main body of the skin gives it the ai)pearance known as 
pipy grain. 

Chemists not familiar with the chemical comjKisition of fresh skin 
Miiiietimes fall into the error of assuming that the presence of nitroge- 
ii"us matter in a used soak liquor indicates that the collagen fibers have 
hcen attacked. One of the objects of soaking skins is to remove the 
""hihle proteins so that they will not be carried forward to contaminate 
tile liquors used to loosen the hair. 

Hacteria may become lodged just under the grain surface of the 
>kin and resist the action of the various liquors through which the 
passes. They then become the source of many most annoying 
ti "tildes. They may produce dull spots or stains or hydrolyze the fats 
Used later to soften the leather. Hydrolyzed and oxidized fats are the 
^' inmon sources of spews appearing on the surface of finished leather. 

In the use of what is known as the putrid soak, bacteria are jnit to 
''"rk by being made to assist in the softening of dried hides, ihit 
fiu> method is not only an obnoxious one, but one so difficult to control 
some damage very often accompanies the softening action. 'J'hc 
JtKthod is seldom used in modern countries, but in some jxirts of India 

led skins are softened by soaking them in putrid [x^ols of liquor 
^"utaining all kinds of tannery refuse. 

In most tanneries, no attempt is made to utilize the bacteria of the 
-^"uk waters. On the contrary all practical means available are used 

* ‘Analyst ^ Oct., 1897. 
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to prevent bacterial action in the soaking operation. In a study of the 
effect of hydrogen-ion concentration uix)n the activities of putrefactive 
bacteria, the author has found that they are most active between the 
pH values 5.5 and 6.0. This probably explains the value of using 
alkaline soak waters ; the liquefaction of skin by bacteria at a pH value 
of 5.5 is usually greatly retarded or even completely checked by raising 
the pH value to 12. A similar effect is observed by lowering the pi I 
value to about 3 by the addition of acid. 

Procter^ has pointed out the advantages of using sulfurous acid 
in the soak waters. It assists in the absorption of water by the skin 
and at the same time prevents bacterial action. He found that no 
putrefaction takes place, even if the skins are later retained for a con- 
siderable time in water, and the acid has little or no solvent effect on 
the collagen fibers, whose strength is well preserved. 

Alkalies are al 30 ut equally effective as acids both in the softening 
of dried skins and in checking bacterial action and are generally pre- 
ferred because they assist rather than retard the action of the lime 
liquors in loosening the hair. 

Aside from the use of acids and alkalies, the chief precaution taken 
against bacterial action in the soaks is the use of plenty of clean, cold 
water. If the temperature of the water is not allowed to rise above 
10° C. and plenty of clean water is used, the skins are not likely to 
suffer any serious damage from the soaking operation itself. 

^Principles of Leather Manufacture, Second Edition (1922), 161. 



Chapter 8. 

Unhairing and Scudding. 

After the skins have been trimmed, cleansed, freed from adipose 
tissue and soluble matter, and have aj;ain become soft throu|L;h absorp- 
tion of their normal water content, they are ready for the series of 
i,|H‘rations involved in the removal of the epidermal system. It will be 
iccalled from Chapter 2 that this system includes the e[)idcrmis, hair, 
and the sebaceous and sudoriferous glands and differs from the true 
skin under it in origin, structure, method of growth, and chemical com- 
|Htsition. The several parts of the epidermal system differ markedly 
111 their resistance to chemical reagents and it is rather fortunate for 
the tanner that the part most readily digested is the portion of tlic 
Malpighian layer resting on the grain surface. When the epithelial 
iclls of this layer are destroyed, the rest of the epidermis and the hair 
Ixvome completely separated from the true skin and can easily be 
1 CHIOS ed mechanically. 


Sweating. 

What is probably the oldest method known for unhairing skins 
received the name siveating from the nature of the process in its more 
luLilily developed state. It consists of little more than the jHitrefaction 
"f the cells of the Malpighian layer. .Since it is only necessary to allow 
ii iresh skin to remain for a day or two in a warm, damp place to cause 
a loosening of the hair, the method was probably discovered very early 
III the history of the human race. It is not inijirobable that the acci- 
'iciital discovery of this action first revealed to the ancients the advan- 
of unhaired skins for certain purposes. 

Because of the danger of serious damage to the skins in the sweat 
chambers, unless the process was very carefully watched and controlled, 
It ceased to be popular for the best grades of skins after safer methods 
nnhairing were devised. It is still in use in some tanneries for the 
I'lwer grades of skins, such as the cheaper classes of tlried hides and 
diccp skins where the wool is valued more highly than the skin. 

1 he skins are generally hung from beams in a closed room in which 
air is kept warm and humid. The tem|x?rature, humidity, and 
’^■ntilation must be carefully controlled. During the prcK'ess a con- 
;'i'lcrai)Ie quantity of ammonia is evolved and this assists in the unhair- 
’jks' action. Just as soon as the hair slips easily, the skins are removed 
Uoin the sweat chamber and dumped into saturated lime water. 'Die 
iiine water serves to retard further bacterial action and to cause the skins 

*51 




Fig. 66. — Vertical Section of Sheep Skin. 

(After 42 hours in sweat chamber.) 

Location: butt. Eyepiece: none. 

Thickness of section: 20 p. Objective: i6-mm. 

Stains:^ Van Heurck's logwood, Wratten filter: H-blue green 
Daub’s bismarck brown. Magnification : 45 diameters. 
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Fig. 67.-Vertica^^Secrion 

Kyepiccc: 5^- 

Ltnalion; butt. ^ Objective: „rf(*n 

rhickness of section: 20 i Wratten HHer: 

Stains; Van Heurcks lofcW » j^lagnitication: i35 ‘ka» 
Daub’s bisinarck brown. 
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to swell somewhat by absorption of water; the skins upon coming fnim 
the sweat chamber are in a very flaccid and slimy condition. 

Wilson and Daub * recently made a study of the sweating process 
under the microscoix:. Pieces of fresh sheep skin were kept in a closed 
receptacle having an atmosphere saturated with water vapor at 38° ('. 
At frequent intervals strips of skin were removed for sectioning and 
examining under the microscope. At the end of 42 hours, the wn.d 
could be rubbed oiT with ease and the skin had apparently suffered no 
damage. The odor of ammonia in the receptacle after the first day was 
very pronounced. 

The first sign of action visible under the microscope was the sep.i- 
ration of the cells of the Malpighian layer from one another and from 
the surface of the derma. This action gradually spread to the outer- 
most layers of cells of the sebaceous and sudoriferous glands. On the 
second day the action had proceeded so far that the epidermis, glands 
and wool were completely separated from the derma and many of the 
epithelial cells had completely disintegrated. A section of the skin afti r 
being in the sweat chamber for 42 hours is shown in Fig. 66. TIu 
upper portion of the section is shown in Fig. 67 at a much higher 
magnification. 

It will be noted that the corneous layer is still intact, but the Mal- 
pighian layer has almost completely disintegrated, the linings of the 
hair follicles are broken up, and the glands have all been loosened tind 
separated from the derma. Fig. 66 should be compared with Fig. 28. 
which represents a section from the same skin fixed in Erlicki’s fluid 
within an hour after the death of the animal. 

In practice, the systematic cleaning of the sweat chambers is neces- 
sary in order to prevent the increase of undesirable organisms that ma\ 
be carried in from time to time. Hampshire “ investigated the cause 
of a pitting, or liquefaction in spots, of the grain and flesh surface.s m 
sheep skins, a damage known to the trade as run pelts. He found that 
the pitting was caused by several species of wormlike organisms belong- 
ing to the family Nematlielminthes and growing to a length of alxjiit 
one millimeter. Apparently they are killed by simple drying. Tlicv 
were found in great numbers in the sweat chambers, but not on skiib 
which had not yet entered the chambers. In laboratory experiments, 
they produced a pitting of the skin in the presence of a small amount 
of ammonia, such as is always present in the sweat chambers. It was 
found that uniform slipping of the wool could be produced by incubat- 
ing the skin in a clean vessel which excluded all organisms other titan 
those present on the incoming skin, and skin treated in this way was 
free from pitting. It would seem that the danger of run i^elts can l»e 
completely avoided by making certain of the cleanliness of the swetit 
chamber before the skins enter. 

Upon coming from the sweat chamber, the skins are usually put 


t ■'Tl" , Mechanism of Unhairing. J. A. Witson and Guido Daub. Presented before tb 
I.jeather Division at the (14th meeting of the American Cliemicai Society. Pubtication 
photomicrographs reserved for this book. xuoiicaiKii 

... “Mwsp of Run Pelts in the Sweating Process. P. Hampshire. J. Soc Leather 7 /.? !. 
Lnem, $ 20. 
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into saturated lime water and left there for a few hours or over night. 
Mthough this treatment is not essential and is sometimes omitted, it 
has the advantage of decreasing the danger of damage to the skins 
through putrefaction. The next step is the actual removal of the hair 
and epidermis. In modern practice, this is accomplished by means of 
an iinhairing machine in which the skin is backed by a rubber slab and 
hhint knife blades pass over the hair side, under low pressure, rubbing 



'dt the hair and epidermis. Often the blades are .set in rollers which 
rotate as they pass over the skin. 

The skin is then placed over a beam and scudded. The beam, from 
which the beamhouse derived its name, is a convex wooden slab sloping 
upward from the floor, at an angle of about 30°, to a point about three 
Het higher, which gives it a length of about six feet. The hcamster, 
hailing over the beam, pushes a sj^ecially designed, two-handled knife 
"'^r the skin downward and to left and right, forcing the remnants of 
glands, lime soaps, dirt, and any remaining liairs out of the hair 
1 "Hides and [xires. This operation is known as scudding. 

Goat skins can be scudded satisfactorily by machine after the bating 
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operation, but the author knows of no machine that can replace a 
beamster for scudding calf skins after liming. Scudding can usually bt 
done better by hand than by machine because the hair lollicles slope m 
many different directions. If the knife stroke is made in the direction 
of tile hair, from root to tip, the dirt in the follicles is easily squeezed 
out, whereas there is a tendency for it to be trapped by a stroke in the 
opposite direction. There is a sufficient degree of transparency tu a 
limed skin to enable the beamster to see the dirt and pigment in the 
follicles and he directs his knife first one way and then another in nil 
the skin appears clean. He is also on the lookout for fine hairs not 
removed by the machine. The bulb of a new hair is as deeply seated 
as that of an old one, but there may not be enough of the new ban 
lirotruding above the surface of the skin to be gripped by the kimes 
of the unhairing machine. 

After the scudding operation, the skins are washed thoroughly to 
remove as much lime as possible. 'I his washing is of considerable im- 
jxirtance because any great excess of lime earned forward interfere 
with the later processes. It is customary to wash the skins in a revolv- 
ing drum through which fresh water is continually passing. Wood 
followed the removal of lime during washing and showed that little 
to be gamed by continuing the washing for more than two hours. Ur* 
tendency, however, is to wash the skins for a shorter time than thi,> 
and to take care of the residual lime by other means. Fig. 68 shows the 
extent of lime removal with time during a typical wasning operation. 
'I'he lime lett in the skins appears to aiiproacu a limiting value, due to 
the lime which has carbonated as well as that in chemical combination 
with the skin. 


Liming. 

The commonest method in use touay lor eltectmg the separation ot 
the epidermal system trom ttie true skin is also one ot ancient origin 
and IS known as Inning trom the tact that saturated lime water is usco. 
l^ormerly a lime liquor was prepared simply by filling a vat with watu 
and adding calcium hydroxide greatly in excess ot saturation. Hu 
skins, alter soaking, were put into tins liquor and allowed to remain 
there until the hair and epidermis had become so loosened that tlK‘\ 
could be rubbed off with very little pressure. Often the skins were 
removed each day and fresh lime added in order to hasten the action, 
but with a fresh lime liquor it usually required weeks for the skins i" 
get into a state where the hair would slip easily. It was discovered that 
less time was required for each succeeding lot of skins passing through 
a given liquor. I’he longer a liquor was used the more it became 
charged With ammonia, otlier -protein decomposition products, bacteria, 
and enzymes, all of which assisted in loosening the hair. The older 
lupiors, however, attacked the collagen fibers to a greater extent and ah^‘- 
produced less swelling of the skin proteins than tresh liquors. 

* The Puering, Bating and Drenching of Skins. J, T. Wood. E. & F. N. Si" 
London (1912). 
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As more was learned of the action of lime liquors, it hecame ciis- 
(i inary to employ a series of liquors for each lot of skins. The skins 
were put first into the oldest liquor in order to start the loosenin^^ nf 
iIh' hair. Each day they were moved into a fresher li(iuor and final) v 
into one quite fresh. This system is still in use in some tanneries, Init 
the modern tendency is toward quicker methods. 

W’hen lime alone was used in making lime liquors, it usiiallv re- 
(jiiired from one to three weeks to oause the hair to slip easily, durini.; 
which time a considerable amount of co]laj::en became hydrolyzed, espe- 
liallv in old liquors or in liquors not kept completely saturated with 
lime at all times. Bacteria are very sensitive to chanj^es in pll value and 
niaiiv proteolytic bacteria present in lime liquors which are compara- 
tively inactive at a pH value of 12.5, that of an ordinary lime litjuor, 
!)(rnmc very active as the pH value falls to lower values. In order 
to ^niard against the danger of incomplete saturation rd the li(|Uors 
with lime, mechanical agitators have been devised, one of the simplest 
being a paddle wheel set in the vat. By keeping the undissolved lime 
eontimially stirred up, the solution is kept almost at the saturation point. 

W'ith increasing demand for speed of operation and conservation of 
the skin collagen, shurpcnhicj agents have come into wide use. the prin- 
( i])al ones being arsenic sulfide, sodium sulfide, and sodium hvdroxide. 

1 he judicious use of these materials, in conjunction with iime, has 
rerluced the time required to unhair skins from weeks to as many da vs. 
More attention was paid also to tem[)erature. In some of the old tan - 
neries not equi])ped to heat the liquors, a much longer time had to h(‘ 
.'ill(»wed for unhairing in winter than in summer. It is now eustomarv 
to maintain a uniform temt)eraturc of from 20° to 25^^ C. the year 
round. 

Arsenic disulfide was one of the first shar|K‘ning agents to he em- 
idoved. It was mixed with the lime before slaking in the proportion 
of about one part of sulfide to twenty-five f^arts of lime and frrmi tin’s 
mixture a liquor was made of such concentration that the hair would 
not he damaged, but would slip easily in two or three days. Sodium 
sulfide is now used more commonly than arsenic, being cheaper and 
somewhat more eflfective in loosening the hair. It is used at ai)out 
0 01 molar concentration in a solution kept saturated with lime. 

The action of a lime liquor shar|x?ncd with sodium sulfide upon a 
naif skin is illustrated in Fig, 69. A frc.sh calf skin was ])ut into a 
solution containing 0.7 gram of Na.S per liter and calcium hydroxide 
well in excess of saturation. The liquor was agitated frecjuently and 
l^cpt at a temi)erature of 25° C. Strips of the skin were examined at 
intervals as in the study of the sweating process. The skin frfmi the 
sweating process was in a soft, flaccid condition, while that from the 
lime liquor was plump and rubbery, but the fate of the epithelial cells 
nf the Malpighian layer was the same in both cases. Sections of speci- 
mens taken at intervals showed these cells slowly disintegrating and 
leaving the corneous layer, hairs, and glands separated from the derma. 
I'ig- ^ shows a section taken after the skin had been in the lime liquor 
for 48 hours. Part of the upper region of the section is shown at 




Fig. 69.— Vertical Section 0! Calf Skin, 

(After 48 hours in lime liquor.) 

Location: butt. Eyepiece: none. 

Thickness of section: 40 n. Objective: 

Stains: Weigert’s resorcin-fuchsin Wratten filters: B*grecn; E-orange, 

and picro*rei Magnification: 25 diameters. 
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Fig. 70. — Vertical Section of Thermostat Layer of Calf Skin. 

(After 48 hours in lime liquor.) 

l^ocation: butt. Eyepiece: 5X. 

Thickness of section: 40 p. Objective: 16-nim. 

Stains: Weigert’s resorcin-fuchsin Wratten filters: B-grecn; E-orangc. 
3 nd picro-re(J. Magnification: 135 diameters. 
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higher magnification in Fig. 70. The section is from the same i^lll 
as that shown in Fig. 18, which represents the fresh skin as it cxi >h(i 
in life. 

The lime has completely destroyed the Malpighian layer o f tlic 
epidermis and the corneous layer appears as a nearly continuous Imc 
somewhat separated from the true skin. The epithelial cells of the liair 
follicles have been completely broken up leaving the hair, with adheiin;^' 
patches of corneous layer, free to be swept out by the action of the 
unhairing machine. The sudoriferous glands have disintegrated, hav- 
ing empty spaces, and the sebaceous glands may be .seen lodged in 
pockets opening into the hair follicles. The erector pili muscles are 
still intact and can be seen riming upward to the left from the rc^inii 
of the hair bulbs. In the thermostat layer, as well as in the deel)e^t 
layer of the skin, the elastin fibers appear as fine, black threads. TIich* 
fibers do not api)ear prominently in Fig. 18 because this section wa^ 
stained with the object of showing greater detail in other parts. 

Although the hair loosening operation can be effected easily in a 
single liquor acting for two or three days, some tanners still pren'er 
to use a series of liquors, claiming that they get a result better adaptcil 
for the particular kinds of leather they desire to make. They lessen 
the extra amount of labor involved in handling the skins by a system 
of reeling from vat to vat. d'he skins are all hooked or tied together, 
the head of one to the tail of another, and the whole lot is passed f)ver 
a reel from one vat to another, the last skin in being the first to vfmw 
out. The skins are put first into the oldest liquor and then reeled iiitu 
a fresher liquor each day until ready to be unhaired. 


Plumping and Falling. 

When animal skin is immersed in dilute solutions of acid or alkali, 
the protein matter swells by absorbing some of the solution, but tlu' 
effect to a casual observer is not so much one of swelling as of incrcaM'd 
resiliency of the skin, due to its fibrous structure. The collagen fibers, 
in swelling, tend to fill up the interstices between them and the full 
increase in volume of the protein matter is not evident from the apiK‘ar- 
ance of the skin. A skin in which the fil)ers are not swollen may con- 
tain practically as much water as one whose fil)ers are swollen, as iu 
lime water, but the bulk of the water in the first skin is held only loosely 
hchveen the fibers and may be squeezed out by the application of slight 
pressure, whereas that in the second is present ivithin the substance nf 
the fibers, like the water absorbed by a solid block of gelatin jelly, and 
cannot be removed, except by the application of enormous forces. 
During the swelling of the protein matter, the tanner observes in the 
skin an increasing resistance to compression, to which he has given 
the name phmping, the term falling indicating the reverse action. 

Wood, Sand and Law ^ devised an api^aratus for determining when 

* The Quantitative Oeterinin.ition of the Falling of Skin in the Pucring or Bati k; 
Process. J. Wood, H. J. S. Sand and D. J. Law. J. Soc. Chem, Ind. 31 (191a), ' 
and 3 i (t9i3)> 398* 



UNHAIRING AND SCUDDING 


i6i 

skin had become con^letely fallen during the hating process which 
e^.Dsisted of a sensitive thickness gauge in which the pressure exerted 
,j|xin T square centimeter of skin could be varied by means of weights. 
The point of complete falling of a skin was taken as that at which no 
rc( (nery in thickness of the skin took place upon renun’ing the weights. 
The apparatus was also used to measure the apparent modulus of elas- 
ticity of the skin and this was considered to he a measure of the degree 
,)t |)lumping. 

This method suggested to Wilson and Ciallun another which is 
more suitable for certain purposes. 'J'heir apparatus consisted of a 
Randall and Stickney thickness gauge ‘‘‘ with a Hat. metal base upon 
wliich a small piece of skin could be placed, and a plunger, liaving a 
circular base i square centimeter in area, capable of pressing on the 
surface of the skin under constant pressure, d'lie apparent thickness 
of the skin, as shown on the dial of the instrument, being determined 
by the ix)sition of the plunger, decreased with time as the idunger caused 
an increasing degree of compression. For this reason and in order to 
get comparative readings, all gauge readings were taken a \]\cd length 
of time after dropping the plunger onto the skin. In order to measure 
the degree of plumping of skin in a given li(|uor under lixed conditions, 
tliey first measured the resistance to compression of a small piece of 
skin under standard conditions. This .same piece of skin was then 
sulijected to the conditions of the test and its resistance to compression 
measured again. In each case the gauge reading was taken as a measure 
of the resistance to comprc.ssion. Tlic ratio of the final to the initial 
gauge reading is a measure of the degree of jihimping of the skin. 

I heir measurements of the degree of piumjiing of calf skin as a func- 
tion of pH value are given in Chapter 9. 

H a skin in the alkaline state is |)lunipcd or swollen excessively, it 
Mittcrs permanent distortion and the value of the final leather is lowered. 
Some knowledge of the degree of plumjiing of .skin in hquors used for 
mihairing is therefore much to be desired, 

Atkin * was able to reason from the work of Procter, Wilson, and 
boeb, which was discussed in Chapter 5 in connection with the swelling 
"t protein jellies, that arsenic disulfide is preferable to sodium sulfide 
for certain kinds of skin where fineness of grain surface is of para- 
'noimt importance in the finished leather. Loch showed that (liacid 
produce a maximum swelling of gelatin jelly only half as great 
that produced by monacid bases. Atkin confirmed this for the 
''Welling of hide powder and showed that the weak base ammonium 
Hydroxide produces as much swelling as sodium hydroxide at the same 
pi 1 values. When arsenic di.sulfide is slaked with lime and used in a 
^1't‘sh liquor, the solute consists only of calcium hydroxide, calcium 
''Ulfhydrate, and cajeium sulfarsenite. But when sodium sulfide is used 
the sharpening agent for a lime liquor, sodium hydroxide and sodium 

p Determination of the Plumping Power of Tan Lupiors. J. A. Wilson ami A. 

• Oallun, Jr. Ind, Eng, Chem. 15 (192^), 376. 

Made by Randall and Stickney, Wallliain. Mass. 
j Notes on the Chemistry of Lime Lirjvmis I sed in tiic Tannery. W, R. Atkin. 

' OrJ. Eng Chem. 14 (1922), 412. 
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sulfhydrate are present. It would therefore be expected that the imc 
of sodium sulfide would result in a greater plumping of the skin tlian 
the use of arsenic sulfide, which gives a liquor containing only divalent 
cations. In actual practice, when arsenic sulfide is used to sharpen lime 
liquors for the unhairing of goat skins in the manufacture of glazed kifi 
leather, the final leather has a smoother and silkier grain surface than 
when sodium sulfide is used in the lime liquors. 

It might be inferred from this that it is preferable to use arsenic 
sulfide for all kinds of skin where smoothness of grain is desired, hut 
this is not necessarily so. All skins are not equally sensitive to injury 
through plumping. What may prove to be excessive plumping for goat 
skins may not have any deleterious effect at all on a calf skin and one 
type of calf skin might be more resistant to permanent distortion than 
another. The greater speed of action and lower cost of sodium sullide 
makes its use preferable in all cases where it does no harm to the skins. 

It sometimes happens that a skin can be unhaired less readily the 
more it is plumped. This seems to be due to the overlapping scales of 
the hair, which open upward as shown in Fig. 6. When the skin is ]nn 
into a liquor in which it swells considerably, the hair becomes tightlv 
pinched by the skin and at the same time the scales become distendeii. 
their ends wedging themselves into the sides of the follicles in such 
manner as to resist any attempt to pull the hair out. If the fine hairs 
are not removed from a skin while it is still in the alkaline condition, 
but are allowed to remain in place until after the tanning operation, they 
again become firmly fixed in place, apparently because of the distention 
of the hair scales and the permanent plumping of the skin produced hv 
the tannage. 


Fresh vs. Mellow Lime Liquors. 

A much used lime liquor, charged with decomposition products of 
the skin, bacteria and enzymes, is usually referred to as mcllozv. Where 
unsharpened lime liquors are used, a mellow liquor causes a much more 
rapid loosening of the hair and much less plumping of the skin than a 
fresh liquor. This difference is not due to any difference in hydroxide- 
ion concentration for Wood and Law have shown that a mellow lime 
liquor has a pH value practically the same as that of pure saturated lime 
water. They found also that the pH value is but little affected by the 
addition of small quantities of sodium sulfide and this has been enn- 
firmed in the author's laboratories. The decrease in plumping power 
of a lime liquor with use may be ascribed to the calcium salts formed, 
which tend to repress the swelling of proteins by calcium hydroxide. 
But the increasing power to loosen the hair must be attributed to tlie 
protein decomposition products, bacteria, enzymes, pr the lesser swell- 
ing of the skin at the same pi I value, or possibly to a combination of 
all four factors. 

W^d and Law regard the growth of bacteria in lime liquors a> 
the principal factor in the production of mellowness. They examined 

» Light Leather Liming Control. J. T. Wood and D. J. Law. Collegium (1912), i-> 
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pM lime liquor in which skins had been worked for j, to 4 weeks and 
pl.iaiiied a count of 50,000 bacteria per cubic centimeter of a type 
,apable of developing in ordinary nutrient gelatin containing ammonia. 
Tlu\' identified Micrococcus flatus lique facials and B. prfldiqiosus. 
l„,ili of which are known to produce proteolytic enzvmes. ’Flic bac- 
t, ria f(nmd on the roots of wool from the sweating process were found 
|,c capble of growing in a liquid as alkaline as 0.05 normal. 'Fhesc 
appear to be similar to the bacteria commonly present in mellow 
lime liquors and Wood considers it highly probable that the unhair- 
!!!g action both in the sweat chamlrer and in mellow lime liejuors 
i- due to the same bacteria, not necessarily belonging to a single 


.^tiasny« also showed that bacteria play an important role in old 
lime liquors. An untreated mellow lime liquor caused a loosening of 
the hair of calf skin in 24 hours, but in a test where chloroform Vis 
added to the same liquor to check bacterial action the liquor was not 
ahlc to cause any loosening of the hair in 3 days, A ]X)rtion of the 
1111! I rated liquor was freed from ammonia by heating to fio° C. and 
pibMiig carbon dioxide-free air through it for 4 hours." It then showed 
an iiiihairing power as great as before, but a lesser solvent action on 
the hide substance, indicating that the unhairing action is due to bac- 
lerial action rather than to the ammonia ordinarily present in mellow 
liilimrs. 


Since sterile lime water appears to have but little unhairing action 
<11 .'^kins, it was long thought that bacteria were necessary ff)r this 
■I'linii, where no shariKning agent was emiiloyed. Hut .Schlichte" 
I ;iind that skin previously sterilized by the .Seymour- Jones pirocess 
"ith mercuric chloride and formic acid, could be unhaired easily after 
uvii weeks of contact with saturated lime water under sterile conditions. 
Hniid and Law,** however, i»intcd out that the action mav have been 
iiilluenced by the previous swelling of the skin in the sterilizing solu- 
>' -'i. 'Ihis is intelligible from the viewpoint of Stiasny," who regards 
i'-vtcins as peptones held together relatively loosely by means of 
'oyiiidary valency forces. The iieptones are considered to be built 
"t peptides held together by forces of primary valence. lie as- 
'Uiius that the swelling of a protein jelly causes a diminution in the 
'"'Vfs holding the iieptones together. On this basis, the swollen protein, 
Ijr "lie m which the bonds between the peptones had been weakened’ 
'rmigli previous swelling, would be attacked by hydrolyzing agents 
'"'I'll more readily than the unswollen protein. In supixjrt of this 
'"'v he finds that collagen is attacked by tryjisin very much more 
■ipidly when swollen by potassium thiocyanate or iodide solutions and 
'at the action then goes only to the peptone stage. 

It was suggested by the author that barium and calcium hydroxides 

Skins durinfr Their Conversion into Leather. A A 
V r Assoc, 10 (1915), 526 and 585 

•' - cLwi' Unhairing Process. J. T. Wood and D. J. Law. 

' Th.Inr;« '».t^athcr Cheniistry. K. Stiasny. Scictuc 57 481. 

108 * Leather Chemistry. J. A. Wilson. J. Am, Leather Ciiem. Assoc, la 
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hydrolyze proteins to a lesser extent than the hydroxides of sodium 
or ammonium because of the higher valency of the cations. The swt 11- 
ing of proteins in alkaline solution is due to the pull of the cations ,u 
the protein salt, which tend to diffuse from the region of high (nn, 
centration of ions in the jelly to the region of lower concentraiieu 
in the surrounding solution. If this pull is sufficiently great, we iiiiL^lit 
reasonably expect a breaking up of the units making up the protciu 
jelly. A sodium or ammonium ion exerts its entire pull upon a siiiol,. 
unit, whereas the pull of a divalent cation is divided between two uniis, 
making the tendency towards decomposing the protein only half a> 
great. This valency effect, however, is not the only one playing a 
part in sterile unhairing liquors because the mere replacement of half 
of the hydroxide ions of lime water by siilfhydrate ions is suffRiciu 
to cause a very marked increase in the rate of unhairing. Wood and 
I-^w suggested that vSchlichte's observation of the iinhairing power df 
sterile lime water is further complicated hy the formation of sulfur 
compounds by the action of lime on the easily dissolved sulfur of tla 
hair. Such compounds are cat)able of loosening the hair. 


Unhairing by Means of Other Alkalies. 

Pure solutions of sodium, hydroxide and sodium sulfide (juiekl\ 
destroy the hair and epidermis when sufficiently concentrated. A 
2 -per cent solution of NagS at 2$^ C, will dissolve the hair and cpi 
dermis from the surface of a calf skin in about 2 hours, during wliu h 
time only a comparatively small amount of collagen is destroyed. I lib 
treatment has been applied with considerable success to heavy hide-, 
especially those which had previously been dried, and was a great lu lp 
in si)eeding up the production of army leathers during the war. TIk 
hides were put into the sulfide solution, which was agitated by nuans 
of a paddle wheel. After several hours the hides were transfenad 
to a solution of sodium bicarbonate or calcium chloride in order t" 
stop the caustic action of the sodium sulfide. They were then wa>lK‘'l 
and were ready for hating or tanning. The hair was completely 
solved from the surface of the hides in the sulfide liquor, hut the 
action was so rapid that they had to be removed before the siilii'i' 
had diffused into them to the depth of the hair bulbs. As a result, 
the hair bulbs were usually left in the hides intact, as could be shewu 
by examining sections under the microscope, but this apparently di'l 
not lower the value of the leather in any way. 

With this method of unhairing, it was found economical to u-r 
the same liquor for a number of consecutive lots of skins, adding ju-^t 
enough fresh sodium sulfide each time to maintain the necessary ci u- 
centration. The liquors soon became heavily charged with proteii^ 
decomposition products which are soluble in alkaline solution, 
are precipitated by rendering the solution faintly acid. Kadish and 
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Ka<lish made use of this fact in a scheme for recovering this nitrog- 
matter as fertilizer. The waste liquors were run into a mixing 
chatnber where they were reacted iqxjn hv sulfuric, sulfurous, or 
acid. The precipitated nitrogenous matter was seixirated from 
the mother liquor and the hydrogen sulfide was recovered sejxirately 
jn sncli manner as to make the entire operation continuous. 

ITing sodium hydroxide instead of the suirido, a similar unhairing 
action is obtained, but the skin becomes much more swollen and 
|.hiniped. For the finer grades of light skins, where a smooth grain 
surface is required, neither sodium hydroxide nor sulfide si)lutions 
can l)e used alone liecause of the rough grain resulting from tlie 
excessive plumping. 

It is not an unciunmon practice in dewooling sheej) skins to jiaint 
them on the flesh side with a paste made of a mixture of lime and 
sodium sulfide. The skins are then folded, wool side out, and left 
until the sulfide' has diffused into the skins as far as the hair hulbs. 
W hen these are destroyed, the wool can be jnilled or brushed out. As 
a rule, the skins arc thrown over a lieain and the wool is worked off 
hv a beamster. The skins are then limeil, washed, baled, and pickled, 
in which condition they may be kept until re<iuired for tanning. 
Sometimes the paste is made from lime and arsenic sulfide. 

Solutions of ammonia in twice-molar concentration have a very 
marked unhairing action on fresh .skins, 'flu* author found that fresli 
calf skins could lie unhaired (juite satisfactorily after only two hours’ 
immersion in such a solution, d'he skin swells but very little and 
the grain surface is left remarkably smooth and silky. If the skin 
is left in the solution longer than is necessary, however, there is 
danger of it suffering damage because of the powerful action of the 
ammonia on the collagen fibers. Since the unhairing* jxiwers of 
ammonia have long lieen known, it has often been wondered why 
its use has not become widespread, in an investigation, the autlior 
found that it could not be relied upon for imhairing the ordinary run 
nf skins in commerce because its action is influenced by the previous 
treatment of the skin. (.)n some .skins, the ammonia would loosen 
the hair only in patches. In one ex|)eriment, a ])iece of fresh calf 
''kin was cut into two pieces. One was put directly into twice-molar 
ammonia solution and the hair was loosened quite satisfactorily in two 
hours. The other was soaked in molar acetic acid for an hour, washed, 
neutralized with ammonia, and then put into the twiee-normal ammonia 
"'•lution. But there was no appreciable loosening of the hair after 
veral hours. 

Stiasny studied the effect of adding different salts ui)on the un- 
hairing action of ammonia. He used a series of li<|uor.s each consi.sting 
'd half-normal ammonia and 0.07 normal chloride of sodium, calcium, 
l»ariuni, or zinc. One liquor contained ammonia alone. A piece of 
''esh calf skin was put into each. After 2 days the piece in am- 

'* V. H. Kadisb, U. S. patent 1,269,189 (1918); V. H. and II, L. Kadisb, U. S. patent 
'■-98.960 (1919). 

‘ Tbe Nature of tbe Liming Process, loc. cit. 
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monia alone had increased in weight 65.5 per cent, the one in ilie 
solution containing sodium chloride 45.8 per cent, in calcium chl()ri(le 
14.9 per cent, in barium chloride 19.8 per cent, and in the soknidu 
containing zinc chloride 31.4 per cent. The hair was loosened in 
the solution of ammonia alone and in the one containing sodium 
chloride, but not in the others. Atkin has ix)inted out that the dif- 
ference in repression of swelling by the different salts may be at- 
tributed to the valency of the cation. It is, of course, evident that 
the difference in unhairing action may be explained in the same \va\ 
Stiasny, however, looked upon the difference in action as due to the 
formation of complexes between the ammonia and the divalent cati<»iiv, 
giving salts of the type Ca(NU3)8Cl2. 

Unhairing by Means of Acids. 

In 1916, Mr. J. T. Wood sent the author a piece of calf skin 
which had been sterilized by the Seymour- Jones process. 'Flic forma 
acid had caused a loosening of the hair, which Mr. Wood says was 
marked in 8 days. Thuau and Nihoul had previously shown tliat 
sulfurous acid will cause a loosening of the hair of skins, if used 111 
solutions that will prevent the swelling of the skin, as in the preseiio' 
of salt. Marriott found that salted hide could be unhaired lt\ 
immersion in 0.25-per cent acetic acid solution for 9 days. 

In no case was the hair loosening by means of acid as satisfac((ii \ 
as can be obtained in alkaline solution. The acid seems to attack only 
the deejxst layer of the epithelial cells of tlie Malpighian layer, leav- 
ing most of the epidermis intact, to be removed with the hair. It seciib 
doubtful that acid will ever replace alkaline solutions for unhairiiyy. 

Unhairing by Means of Pancreatin. 

In 1913, Rohm described a process for unhairing and bating skiii" 
in one operation, involving the use of an alkaline solution of pan 
creatin. Since then pancreatin has often been listed as an unliairin^ 
agent. In 1920, Hollander described RdhnFs process as having a 
number of advantages over the old system of liming and claimed that 
it depends entirely utxni enzyme action for unhairing. According ti' 
his description, the skins are first soaked for i day in dilute sodium 
hydroxide solution and then transferred to a dilute solution of sodium 
bicarbonate to which the enzyme is added after the swelling due t" 
the alkali has been counteracted. Twenty-four hours later the hair 
completely loosened and can be rubbed off. 

Wilson and Galluir^^ investigated this method with the object of 

'•Notes on the Chemistry of Lime Liquors Used in the Tannery, loc. cit, 

'•Unhairing with Sulfurous Acid. U. J. Thuau. Collegium (1908L 36^, 

Unhairing with Sulfurous Acid. E. Nihoul. Bourse tmx Cuirs de Liege (1908), 8 

'•Acid Unhairing. R. H. Marriott. /. Soc. Leather Trades them. 5 (1921), 2. 

’•A New System of Liming. 0 . Rohm. Collegium (1913), 374; J. Am. Leather Chey^ 
Assoc, 8 (1913), 408. 

“Unhairing Hides and Skins by Enzyme Action. C. S. Hollander. J. Am. Leather 
Chem. Assoc. 15 (1920)* 477. 

•* Pancreatin as an Unhairing Agent. J. A. Wilson and A. F. Gallun, Jr. Ind. /i'V/ 
Chem. 1$ (1923)1 267. 
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determining the specific role played by the enzyme. I'liey made a pre- 
liminary examination by soaking pieces of thorouglily cleansed calf 
skin in 0.05 molar sodium hydroxide solution for i day, replacing the 
selntion next day by 0.1 molar sodium bicarbonate solution, and 5 
hours later transferring the pieces to a solution made by diluting 18 
nihie centimeters of molar sodium hydroxide, 2.8 grams of monosodium 
nhosphate, and i gram of U.S.P. pancreatiu to i liter. The pll value 
,,i the solution was found to be 7.52 at 25^ C., lying well within the 
range of optimum activity of this enzyme. I'wo exi)erimcnts were 
run at a temiierature of 25® C., but in one the solutit)ns were left ex- 
cised to air, as would be the case in practice, while in the other they 
ware covered with a layer of toluene to check bacterial action. After 
the i)ieces had been in the enzyme solutions for 24 hours, the hair 
(it the pieces from the solutions exposed to air could be rubbed olY 
with the greatest ease, leaving the grain surface clean and white, 
hut that of the pieces from the solutions under toluene remained 
lirinly fixed. This seemed to indicate that the unbairing action obtained 
at js'" was not due to the enzyme, but probably to proteolytic bacteria 
ur tiieir products. 

because of the doubt thus cast upon the role idayed by pancreatiu 
in this method of unhairing, Wilson and (lalhm carried the investiga- 
tion further, paying particular attention to the action of pancreatiu at 
.|() C., the temperature of its maximum activity. The studies were 
made ujx)n pieces of fresh calf skin, about 5 3 i'^^'hes, which had 

hcen thoroughly soaked and cleansed, b'ach experiment was carried 
out both at 25° and at 40*^0. The action of the enzyme .solution 
upon the skin in each test was comi)ared with the action of a blank 
identical with the enzyme solution except for the fact that it con- 
tained no enzyme. This solution was prepared by diluting 18 cubic 
eentimeters of molar sodium hydroxide solution and 2.8 grams of 
monosodium phosphate to i liter and all enzyme solutions were made 
hy adding to it I gram of pancreatiu jkt liter, d'he pH values did 
not vary more than o.i from the value y.t) in any case, 'fhe enzyme 
Solutions and blanks as well as solutions used for the jiretretitment 
“f the skin were all covered with a layer of toluene to check bacterial 
action. The results were checked on separate occasions with pieces 

skin from different sources. 

The effect of jmcreatin upon skin not previously soaked in sodium 
hydroxide solution, or any other swelling agent, was studied first. 
A fter 24 hours of contact of skin and solution, little action was notice- 
ahle either at 25° or 40°, but after 48 hours the collagen fil)ers of 
tlie skin in the enzyme solution at 40*" began to dissolve very rapidly, 
the action proceeding from the flesh side, but there was no indication 
"t the hair becoming loosened. On the other hand, the skin in the 
blank at 40° and those at 25° in both blank and enzyme solution still 
feinained but little affected. It was evident that pancreatiu has a 
niure powerful solvent action u\m\ the collagen fibers than ujX)!! the 
epidermis of a skin not previously swollen with acid or alkali. The 
time factor involved in the destruction of the collagen fibers is in- 
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teresting. The action seemed to indicate that the fibers were coated 
with some material more resistant to tryptic digestion than the col- 
lagen beneath it. Possibly this supposed covering may be found to 
bear some relation to what Seymour-Jones has called the lilicr 
‘^sarcolemma.’* 

In the next series of experiments, the pieces of skin were kept 
for 24 hours in 0.05 molar sodium hydroxide solution at 25° and 40 C., 
respectively. The solutions were then replaced by o.i molar sodium 
bicarbonate solutions of corresponding temperatures, and 5 ]iour> 
later by the enzyme and blank solutions, in which the skins remaiiud 
for 24 hours. The unhairing action in the enzyme solution at 40 
was pmpletely satisfactory, indicating that, at this temperature, pan 
creatin may be considered an unhairing agent for calf skin previoiisK 
swollen in dilute sodium hydroxide solution. y\ very slight unliairini; 
action was noticeable in the blank at 40°, evidently due to the previoib 
treatment with alkali. No unhairing action could be detected in the 
blank or enzyme solution at 25°. 

The preceding series of experiments was then rej^eated exactly, 
except that 0.05 molar hydrochloric acid solution was substituted f( li- 
the alkali as the swelling agent. At 25° there was no visible im- 
hairing action either in the blank or enzyme solution. In the hydro- 
chloric acid solutions in the bath at 40°, the pieces of skin began 
to jelly; there was no further change in the piece transferred to 
the blank at 40°, but the piece put into the enzyme solution at 40' 
was quickly destroyed, the collagen passing into solution, leaving tlu* 
epidermis and hair floating in the liquor. The opposite effects of acid 
and alkali ujxin the skin at 40° is interesting. 0.05 molar sodium 
hydroxide solution hydrolyzes the epidermis more rapidly than tlic 
collagen fibers, whereas 0.05 molar hydrochloric acid hydrolyzes collagen 
much more rapidly than it does the epidermis. 

The experiment was retreated except for the fact that the pre- 
treatment with hydrochloric acid was done at 25° and the digestion 
with pancreatin at 40°. After the skin had been in the pancreatin 
solution for 24 hours, the hair was completely loosened, showing that 
the effectiveness of pancreatin as an uiihairing agent depends upon the 
previous swelling of the skin, but regardless of whether the swell- 
ing is caused by acid or alkali. I'he fact that pretreatment with sodium 
hydroxide in the experiment with alkalies was done at 40° did nut 
seriously influence the result for, when another piece of skin wa> 
soaked in 0.05 molar sodium hydroxide solution at 25° for a day and 
then in the pancreatin solution at 40®, the unhairing action was entirely 
satisfactory. 

Experiments dealing with the action of pancreatin upon skins 
previously treated with ammonia were carried out exactly like those 
of the sodium hydroxide series, except for the replacement of the 
0.05 molar sodium hydroxide solution by 0.50 molar ammonium 
hydroxide solution. The hair was loosened to some extent by the 

(1918)^303^*^*^ Seymour-Jones. /. Soc. Leather Trades Chem. i 
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nrctreatment with ammonia, more at 40° than at 25^^. After the pieces 
had l)een in the blank and enzyme solutions for 24 hours, they all 
shnwed some unhairing action, but in no case was it entirely satisfac- 
The degree of action might be given a very rough rating by 
calling that in the enzyme solution at 40° 75 per cent, that in the blank 
at 40^" 50 i)er cent, and that in both blank and enzyme solutions at 25® 
j; per cent. Evidently the pretreatment of skin with ammonia, which 
is' itself an unhairing agent, does not assist the unhairing action of 
jaiiereatin nearly so much as pretreatment with materials whose action 
IV primarily to swell the skin. 

Combined Bating and Unhairing by Means of Pancrcatin. 

Wilson and Gallun extended their investigation to an examination 
(if the effect of the pancreatin u|)on the elastin iilKM-s of the skm, 
ilic work of Wilson and Daub having indicated previously that the 
luiulamental action of bating is the removal of elastin hbcrs from 
the skin, d'he work of Wilson and Daub will be described in the next 
chapter. Pieces of skin were taken from the various experiments 
alter the pancreatin had acted ujxm them. These were imbedded, 
sectioned, stained, and mounted for examination, as described in 
( hapter 2. 

When the pancreatin method of unhairing is used in practice, the 
li([Uors are left exposed to air. The experiments of Wilson and (lallun 
du)W that the hair loosening can then be effected at a tem[Xirature 
Iff 25"^ C., but that the action is apparently not due to enzyme, but 
rather to bacteria, since it is checked by covering the solutions with 
toluene. But, if pancreatin is not the active agent, we should expect 
the action not to be accompanied by elastin removal. Fig. 71 cor- 
roborates this view; where the hair loosening was effected by a pan- 
neatin solution at 25°, exposed to air, the epidermis is disintegrated 
and the hair loosened, but the elastin fibers remain undissoivcd and 
show in the upper half of the picture as fine, black threads running 
nearly horizontally. 

In the unhairing experiments where the skin from the enzyme 
''olutions at 40° C. had not previously been swollen with acid or alkali, 
microscopic examination showed that all of the elastin had been dis- 
solved away from the flesh side of the skin in 24 hours, but none from 
die region just under the epidermis. The hard corneous layer of the 
epidermis had apparently acted as a membrane impermeable to the 
eii/yme. In the ordinary methods of unhairing, such as liming, the 
unhairing agent acts upon the cells of the Malpighian layer, which 
Jic between the corneous layer and the derma. The impermeability of 
du* corneous layer to the enzyme explains why the pancreatin did not 
‘'ittack the Malpighian layer and loosen the hair. In acid or alkaline 
^'dutions, the corneous layer swells considerably and is thereby ren- 
dered more permeable. It is also attacked by the enzyme, when in 
die swollen condition, as shown by the fact that no corneous layer 
e^Hild be found in the sections examined. 




Fig. 71.— Vcrticd Section of Thermostat Layer of Calf Skin. 

(After I day in 0,1-per cent pancreatin solution at 25® C.) 

Location; butt. Eyepiece: 5X. 

Thickness of section: 30 p. Objective: 8-mm. 

Stains:^ Van Heurck's logwood, Wratten filter; H-blue green. 
Daub’s bisinarck brown. Magnification : 170 diameters. 
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Fig. 72. — Vertical Section of Thermostat Layer of Calf Skin. 

(After I day in o.i-pcr cent pancrcatin solution at 40'' 
l ocation: butt. Eyepiece: 5X. 

inickness of section: 30 ti. Objective: 8-mm. 

Van Heurck's logwood, Wratten filter; H-blue green. 
Daub’s bismarck brown. Magnification: 170 diameters. 
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Fig. 72 shows a section of calf skin which had been soaked in 
sodium hydroxide solution previous to digestion with pancreatin at 
40° C., under toluene. Not only is the epidermis destroyed and the 
hair loosened, but the skin is completely bated, as shown by the 
absence of elastin fibers. 

An interesting attempt to unhair skins by means of enzynns 
naturally occurring in the skin is that of H. C. Ross. A i-per cent 
solution of ammonium hydroxide is used to inactivate the foreii^ii 
enzymes, while the thrombase found in the skins is activated by the 
addition of calcium lactate or polysulfide. It is mentioned that the 
thrombase may be assisted by the addition of trypsin or other pro- 
teolytic enzymes which will work in an alkaline medium. The unhair- 
ing is effected without destroying the epidermis, so that large sections 
thereof can be removed with the hair attached. Subsequent bat i in; 
is unnecessary. In preparing dressing leathers, the solutions are heated, 
while for sole leathers cold liquids are employed, these allowini; 
plumping to take place to a greater extent. How nearly the actual 
mechanism of this method of unhairing is suggested by the descrip- 
tion of the ixitent is open to question, but it would be interestini; 
to see a study made of it along lines similar to those of the experimcnl> 
of Wilson and Gallun. 

Skins prepared for unhairing and scudding by means of pancreatin 
solutions are unhaired on a machine, scudded on the beam, and tlun 
washed, after which they are ready for tanning without further treat 
ment. Skins from lime liquors are unhaired, scudded, washed and 
then either bated, delimed, drenched, or pickled before tanning. Soinr 
tanners put the skins directly into old vegetable tan liquors with- 
out giving them one of these treatments, l)Ut the tan liquor then bcconm- 
a deliming agent and has little value other than that of reinoviin; 
lime. 

Apparently anything that will hydrolyze the newly formed cells 
of the epidermis without injuring the rest of the skin is a satisfactoiy 
unhairing agent. Lime owes its popularity to the safety attendin.; 
its use. Its limited solubility makes it jx)ssil)le to maintain a con- 
stant hydroxide-ion concentration at al)out 0.03 mole i)er liter siinplv 
by using an excess. This concentration is high enough to retard putre- 
faction considerably and yet not great enough to injure the skin 
itself, since the solute is a diacid base. It is entirely possible, how^ever. 
that the popularity of lime will wane when some of the newer methoik 
of unhairing reach a higher stage of development. 

••British Pat. 169,730, March 25, 1920. Chemical Abstracts 16 (1922). 853. 



Chapter 9. 

Bating. 

Perhaps the most curious of all the processes involved in inakinj^ 
leather is that of hating. Little is known of its origin hecause it 
was a secret process, but it is at least some centuries old. After 
the skins are taken from the lime liciuors, unhaired, scudded, and 
washed, they still contain lime in the form of carbonate and in com- 
liination with the skin proteins. At this stage they are plump and 
rubbery and tanners have experienced many dihiculties due to putting 
the stock directly into certain tyjx's of vegetal)lc tan liquors when it 
was in this condition. The object of bating is to |>repare the un- 
Iiaired skins for tanning and originally consisted in keeping them 
111 a warm infusion of the dung of dogs or fowls until all plumpness 
had disaiqxiarcd and the skins had become so soft ai> to retain the 
impression of thumb and finger when pinched and sunicicntly porous 
t" permit the passage of air under |)<-essurc. When hen or pigeon 
manure was used, the jirocess was called liating, and when dog dung 
was used, it was called puering, but the term bating is now applied 
to the process generally, regardless of the materials used. The 
'lilterence in terminology naturally disapjxiarcd with the advent of 
artificial bating materials. 

A common method for treating light skins was to put them into 
a \at Idled with a licjuor containing al)out 100 grams (d dog dung 
I'cr liter, kept at a tcmjierature of 40^ C. by means of steam. A 
I'addlc wheel kept the liquor and .skins in motion. During the aDion, 
die skins gradually lost the plumpness ac(|uired in the lime liquors 
and became soft and raggy. 'fhe completi(ui of the ]>roccs.s was de- 
termined by the attainment of a certain degree of llaccidity, which the 
Workmen could judge only after long experience, ilen or |>igeon 
'iianure was sometimes used for light skins, but was more commonly 
•applied to heavy hides because it penetrates more rapidly than dog 
dung, due apparently to the fact that it contains also the urinary 
poiducts, esixicially urea. 

I'or many years this remained one of the mysterious prcKCsses 

the tannery. It gave some tanners an improved product, which 
diey could get in no other way known to them. But during the pa.st 
thirty years there lias been a |x?rsistent effort to determine the es- 
^f’utial reactions of bating so that it might be carried out more reliably 
^uid with less offensive materials, or that it might be done away with 
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entirely hy treating the skins differently at other stages. For ( x 
ample, it had been suggested that the only important function of ilie 
hate is the removal of the insoluble lime compounds from the skni 
before tanning. But this was contested by those who believed that 
merely removing the lime was not sufficient. They regarded batin^T 
as a process necessary for the removal of certain undesirable protrm 
constituents of the skin. In order to settle this question, investigator^ 
have made extensive studies of dungs, and of the skins and liqu()r>, 
both before and after the process. 

The greatest pioneer work in this field has been carried out hv 
J. T. Wood, whose investigations, coupled with practical developnicMits 
by 0. Rohm and others, have led to the almost complete replacement 
of the obnoxious dungs by pancreatic enzymes. In his book. Wood ^ 
says: “When learning the trade as an apprentice every fault in the 
leather was attributed to this part of the work, and the troubles and 
miseries of the ‘puer shop’ first caused me to take up the study of 
puering. I was determined to know the causes underlying the process. 
Puering is not only a filthy and disgusting operation, but is prejudicial 
to health, and in the nature of it is attended by more worry and 
trouble than all the rest of the processes in leather making put 
together.” 

Wood found the mineral matter of dungs to consist chiefly of 
the sulfates, chlorides, carbonates, and phosphates of sodium, potas- 
sium, ammonium, and calcium, and some silica. The most important 
organic constituents seemed to be the bacteria, enzymes, cellulose ma- 
terials, and fats. He found both peptic and tryptic enzymes, a rennin. 
an amylolytic enzyme, and a lipase. Since the bate liquor is usually 
faintly alkaline, it seemed likely that trypsin was active in the process 
and it was later shown that this enzyme does produce some of the 
effects of dung upon the skin. Wood also isolated from dog dung a 
sj^ecies of B, coli which was found to yield an enzyme capable of 
acting upon the skin like trypsin. 

Artificial bates are now to be found upon the market which con- 
tain i)ancreatin, ammonium chloride, and supposedly inert fillers and 
these have largely supplanted the dung bates formerly used. But ma- 
terials other than those containing tryptic enzymes have also appeared 
on the market, as bates, to revive the old question as to the fundamental 
object to be attained by bating. These materials apparently give sat- 
isfactory results for some kinds of leather, even though some of 
them consist merely of carbohydrates, which yield organic acids 1)\ 
fermentation. The dung bates evidently had several different func- 
tions, but apparently all manufacturers of artificial bating materials 
did not concentrate their attentions upon the same functions. Numbers 
of preparations of quite different properties are sold as bating ma- 
terials and this has served to aggravate the confusion as to what 
constitutes a bating material. The several purposes served by these 
materials will be considered separately. 

1 The Puering, Bating and Drenching of Skins. J. T. Wood. E. & F. N. Soon. London 

(»9J3). 
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Falling. 

The one property which all of the various tyix‘s of halin'; materials 
jiave in common is that of reducing the degree of swelling of the 
j,i,)iein constituents of the limed skin, which action is known to the 
trade as falling. Indeed it would have been practically inn)ossil)le 
for any artificial preparation to pass as a bate that did not have 
this projx;rty, because the degree of fiaccidity of the skin was the 
aaepted measure of the nearness to completion of the hating process. 

It will be api>arent from the discussion of the swelling of protein 
jellies given in Chapter S that the degree of falling of a skin 
iinist he a function of hydrogen-ion concentration and also of the 
roiicentration of neutral salts. 

W'ilson and Galluii measured the degree of }>lumj)ing of calf skin 
as a function of pH value by means of their method, vvhicli is described 
ill ( hapter 8. Pieces of unhaired skin, each about 2 centimeters sijuare, 
were cut from the butt of a calf skin so as to insure tlie greatest 
degree of uniformity of structure. These were freed from lime by 
washing in a 12-per cent solution of sodium chloride containing a 
small amount of hydrochloric acid, and then neutralized in cold, sat- 
urated sodium bicarbonate solution. They were then washed and 
hated by keeping at 40° C. for 24 hours in a solution containing o.i 
gram of U.S.P. pancreatin, 2.8 grjims of monosodium phosphate, and 
iS cubic centimeters of molar sodium hydroxide solution per liter, 
giving a pH value of 7.7. Microscopic examination showed that this 
procedure removed all of the elastin fibers. The [lieces were then 
washed in cold, running tap water, having a pH value of 8, for 24 
liours. They were then kept in distilled water in the refrigerator at 
/ ('. until used for the tests. The condition in which the skin existed 
in this state was taken as a standard, as it was found to be easily 
reproducible. 

A series of 24 large reservoirs of test solutions was prej)ared, 
^ach having a final concentration of tenth-molar phosphoric acid plus 
the amount of sodium hydroxide required to give the desired pi 1 value 
a'' determined by the hydrogen electrode. A range of pH values 
ti' in 4 to II was covered. 

In each test a piece of skin in standard condition was jdaced 

tlie Randall and Stickney thickness gauge described in Chaj^ler «S. 
•be gauge reading in every case was taken exactly five minutes after 
dropping the plunger onto the piece of skin. This was called the 
initial gauge reading. The skin was then shaken with water to bring 
It back to its natural shape and then put into 200 cubic centimeters 
A standard buffer solution of the desired pH value and kept in a 
thermostat refrigerator at 7° C. so as to reduce to a minimum any 
tendency towards putrefaction. After 24 hours, each solution was 
r<^ 4 )laced by fresh buffer solution. After 4 days more, there being 

! , Points of Minimum Plumping of Calf Skin. J. A. Wilv*n and A. F. Calluii, Jr, 

bng, Chem. 15 (i9J3)» 71. 
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practically no change taking place in the pH values of the solutiuns 
it was assumed that equilibrium was established and the pieces wcrr 
removed and their thicknesses measured again. The results are j^iven, 
in Table XVI. 'I'he ratio of the final to the initial gauge reading is a 
measure of the degree of plumping of the skin and this is plotted a> a 
function of the pH value in Fig. 73. 


TABLE XVL 

Unhaired Calf Skin in Contacf with Buffer .Solutions of Diffkkkm 
pH Values. 


Gauge 

readings in mm. 

(average of 

pH value 

of stdution 


duplicates) 


at 20“ C. 

Initial 

Final 

Ratio * 

Initial 

Final 

1.42 1 

2.729 

1.92 

3.96 

3.97 

1.205 

1.885 

1.56 

4.14 

4.17 

1.269 

1.431 

1.13 

4-47 

4.49 

1.439 

1.296 

0.f)O 

4.78 

4.79 

1.489 

1.305 

0.88 

5.08 

5.07 

1.299 

1.161 

0.89 

.I29 

5.27 

1.347 

1239 

0.02 

5-57 

5.57 

1.388 

1.306 

0.94 

5.78 

5.72 

1.212 

1.263 

1.04 

6.04 

6.08 

1. 225 

1.270 

1.04 

6.29 

6.29 

T. 39 t 

1.478 

1.06 

6.48 

6.42 

1.248 

1.343 

1.08 

6.69 

6.68 

1.435 

1.514 

1.06 

6.06 

6.88 

1.292 

1.362 

1 .05 

7.08 

7.00 

1.379 

1.415 

1.03 

7.41 

7.41 

I.4I3 

1. 385 

0.98 

7.68 

7.62 

1.393 

1.407 

1. 01 

7-97 

7.89 

1.515 

1.520 

I.OO 

8.42 

8.44 

1.428 

1.427 

I.OO 

8.56 

8.50 

1.253 

1.343 

1.07 

903 

0.13 

1.258 

1.377 

I.(K) 

9.59 

9.64 

I.2I9 

1.388 

1.14 

TO.OO 

0.98 

1.240 

1.621 

1-31 

10.47 

10.51 

1.289 

2.206 

1.71 

11.06 

11.08 

i ratio is 

a measure of tlic 

tUjiice (if plumpiuj. 0 

f llie skin. 



Ihe significance of these two points of minimum plumping hi' 
been discussed in Chapter 5. By comparing Fig. 73 with Fig. },' 
it will be seen that the phtnipin^' of calf skin varies in much the sann' 
way as the swelling of gelatin with change of pH value. A|)pareiiily 
collagen undergoes a change of form, jxissibly an internal rearranv'' 
ment, in passing from an acid to an alkaline solution and the tw 
points of minimum represent the isoelectric points of the two fonn^. 

The degree of plumping at any point between 4.5 and 9.0 is rcl.i- 
tively so small that the skin would pass as completely bated, if 
judged solely by its fallen condition. Wood, who was probably tla‘ 
first to apply the hydrogen electrode to tannery liquors, observed that 
the pH value of fresh dung bate liquors varied from about 4.7 t" 
5.4, whereas the bating of a jack of skins raised it to points lyin^i 
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hetweeii 64 and 8.4. In a lime liquor, which has a pll value of 
.^houi 12.5, the skin is very plump and ruhherv. I hit when it is 
!,n»ia.dit into equilibrium with a liquor having a pi \ value lying between 
^.3 and 9.0, it becomes fallen and flaccid. 

‘ The author has observed that when putrefaction starts in pro- 
tein solutions the pH value of the solution generally tends to shift 
into the region 5.5 to 6.0, regardless of wliat it may have been in- 



*‘10. 73.— Showing the two points of minimum plumping of calf skin. 


tially. The putrid dung bates would, therefore, tend to reduce the 
value of the limed skin from 12.5 to a value approaching 6. But 
bate liquor contains phosphates, which act as buffers, and the full 
in pH value is prevented. The phosphate is thus a safeguard 
pinst putrefaction of the skin, which would be quickly damaged if 
pH value were allowed to drop to the range of maximum rate of 
'*** re faction. 
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Many so-called bating materials probably serve chiefly to ixfhjce 
the pH value of limed skins to the region of minimum plumping. Tijf’ 
value of this fallen condition is readily apparent for skins whidj 
are to be tanned in vegetable tan liquors. Tannins diffuse only v(rv 
slowly through swollen skin, but when the skin is in a fallen (dn. 
dition, the tannins are enabled to diffuse rapidly into the spaces be- 
tween the fillers, greatly hastening complete penetration. There is a 
fallacy in the assumption that plump leather can be produced onK 
by putting skin into the tan liquors in a plump condition. The soliditv 
of the resulting leather is determined more by the reaction thi 
liquor itself than by the degree of plumping of the skin when first 
put into the liquor. 

The manufacture of materials capable of bringing limed skin into 
the condition of minimum plumping is obviously a simple matter. [i 
is only necessary to incorporate a buffer material with one which 
will tend to lower the pH value of the limed skin to a final value i.f 
about 8. Among the materials used for this purpose are boric acid, 
ammonium chloride, weak organic acids and materials yielding acids 
by fermentation, and acid sodium phosphate. The author ohservid 
five successive lots of skins pass through an artificial bate liquor con 
taining sodium phosphate, which was entirely uncontrolled, and n ; 
was the greatest deviation in pH value from the normal value of Sn 
during the entire period of operation. Where it is desired onlv in 
bring the skins into a fallen condition, the process can be carriid 
out very effectively using only sodium phosphate and the occasiciin! 
addition of hydrochloric acid to maintain a pH value of about S. 


Regulation of Hydrogen-Ion Concentration. 

Although the degree of plumping of a skin is a function of the 
hydrogen-ion concentration, the action of a bate liquor in lowcrini: 
the pH value of limed skin has an iniix)rtance independent of the 
question of plumping. Nearly 8o per cent of the bated weight "i >1 
skin is due to water, or rather bate liquor. Even though the >kin 
may be washed, the water will assume a pH value depending u|h'ii 
the substances held in combination with the skin. This adlmin;' 
solution will therefore have an effect upon the tan liquor into which 
the skins are put. If the pH value of this adhering solution 
variable, difficulty will be experienced in vegetable tanning hccau'C 
the rate of tanning, the rate of diffusion of the tan liquor into the 
skin, the color value of the tan liquor, and its tendency to oxidize 
;are all functions of the pH value. Keeping constant the pH \alue 
of the solution adhering to the skins entering the tan liquors is 
actor of great importance and one which made the old dung hatc’> 
almost a necessity to the tanner who had no other way of contredlin;! 
the pH value. The actual pH value, within limits, was probable 
less importance than keeping it constant at some arbitrary value, wlakli 
jcopld be met by establishing conditions in the tan yard to corresi ond. 
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Deliming. 

Many i)ersons have looked ii|X)n hating chielly as a piax'css for 
iniioving the combined lime from the skins. In using a dung hate, 
found from 3 to 6 per cent of lime, calculated as calcium oxide 
,,ii tlic dry skin, before hating and only from 0.5 to o.i) j)er cent after 
hating and all of this appeared to be present as neutral salt. 

Artificial bates, however, do not all have the property of removing 
calcium frorn the skin. UiX)n investigating the ojx’ration of a hate 
li^jiior containing phosphates and ammonium chloride and having a 
y\{ value of 84, the author found no diminution of the calcium con- 
ant of the skin during hating, although the skins had become com- 
plriely fallen and practically all of the lime had been converted into 
111 utral or insoluble salts. Apixircntly insoluble calcium |)hosi)bate had 
tnrined in the skin, where it remained. In c'ases like this, the j)rocess 
cm hardly be called efficient as a means of deliming. Where nearly 
complete removal of calcium compounds is essenlial for the best oi>era 
tion of later processes, it is much better to emj)loy a properly controlled 
acid liquor, such as those to he described in the next chapter. 


Bacterial Action. 


r.acteria play an im|M)rtant role in the action of dung bates, iieing 
iii'trumcntal in the removal of lime from the skin as well as in lowtn - 
Hig the pH value to the region of minimum plumping. .Some of the 
i'-icteria, or their products, al.so attack portions of the skin itself, as 
didwn by the appearance of nitrogenous matter in solution. In h'ig. 74 
is shown a typical plate culture on gelatin^ of a dung bate bdjuor in 
-ictiial use. 

Ileckcr^ isolated 54 varieties of bacteria from dog dung and studied 
the actions of many of them upon skin. He found one, which be 
‘ ailed /?. crodiens, capable of producing a falling action of limed skin 
"iniilar to that of the dung bate itself. An artificial bacterial bale 
^'as developed indei)endcntly by Wood in England and by (k Popj) 
'‘”‘1 H. Becker in Germany, but they later joined forces and ]K:r- 
tecicd the artificial bate known as erodin, which consists of a nutrient 
tjiaterial to which a pure culture of B, erodiens is added before using, 
t his material has been used on a commercial scale and found to be a 
"atis factory substitute for dung for some kinds of leather. 

hfiiice B, erodiens does not secrete tryptic enzymes, Wood has sug- 
scstid adding to it bacteria obtained from the roots of wool in the 
sweating process which secrete a mild form of proteolytic ferment, 
he susceptibility of erodin liquors to become contaminated by for- 

tl 
w 


sii uacteria pr^ents an obstacle to any very widespread increase in 
use. In J|ing erodin, Wood has observed that the fresh licjuor 

The Prop^ 

lies and Action of Enzymes in Rclalio.n to Leather Manufacture. J. T. 
^ nJi - I *3 (*921), M 3 S. 

pacteriologjcal Reactions in the Leather Industry. II. Becker. Z. bffent. them, lo 
‘♦o 447. 
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usually has a pH value of about 6.6 and this increases to about ; ;; 
during the bating operation. 

Cruess and Wilson® isolated lo varieties of bacteria from pi^cdu 
dung and found that the falling of limed skins could be brought al)diu 
by pure cultures in dilute skim milk. If the bating oix^ration wcw 
unduly prolonged, the skin proteins became hydrolyzed, but they found 



Fig- 74*— Typical Plate Culture on Gelatin of Puer Liquor. 


that danger from this source could be greatly minimized by using a 
liquor containing 0,5 per cent of glucose. They pointed out tliat 
the glucose was decomposed into acids which checked bacterial acti"!i 
and assisted in the removal of lime from the skin. 

The prevailing opinion is that bating is not produced directly hy 
the bacteria, but rather by the products which they secrete. Of these, 
the enzymes are regarded as the most important because the reduc 
tion in pH value of the skin, with consequent falling, can be brought 
about by simple chemical means not generally regarded as constituting 
the process of bating. 

•A Bacterial Study of the Bating Process. W. Cruess and F. H. Wilson. J. 
Lfathfr Ch*m. Assoc. 8 (1913), 180. 
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Enzyme Action and Elastin Removal. 


Wood ‘ separated the enzymes from dog dung by precipitation from 
solution with alcohol and showed that the enzymes, in conjunction with 
ammonium compounds, were capable of bating skins. In view of the 
fact that the bate liquor was alkaline, it seemed pretty certain that 
tnpsin must be the principal enzyme acting. Wood and Law ’ later 
•.liowed that there were at least five different enzymes present in dog 
ilimg, as follows: 

1. A peptic enzyme resembling stomach pepsin. 

2. A tryptic enzyme resembling pancreatic trypsin. 

3. A rennin (coagulating enzyme). 

4. An amylolytic enzyme. 

5. A lipase. 


Where a skin contains an abundance of fat cells, the lipase probably 
exerts an important function in hydrolyzing and emulsifying the fats. 

In 1908 Rohm * patented the use of the enzymes of the pancreatic 
juice and ammonium salts as a bating material. This mixture now 
known as oropon has come into wide use and has largely supplanted the 
(lung bates formerly used. 

Recently there has been a concerted effort to determine just what 
part is played by pancreatin in the bating process. As a measure of 
the elastin content of skin, Rosenthal ‘ used the per cent of nitrogenous 
matter that could be rendered soluble by tryptic digestion.^ By this 
method he found that bating with oropon reduced the elastin content 
of calf skin from 10.36 to 0.31 per cent, calculated on the dry basis, 
llie author’s later investigations of the bating process by means of 
the microscope, however, indicate that Rosenthal’s method of deter- 
mining the elastin content of skin is unreliable. Apparently a large 
portion of the matter included as elastin was derived from the other 
jirotein constituents of the skin or their hydrolytic products. 

Upon examining a dung bate liquor used to bate sheep grains. 
Wood found tliat nitrogenous matter had been dissolved equivalent 
to only one per cent of the total protein matter of the skins. As 
nearly as can be judged from microscopic observations, this represents 
approximately the percentage of elastin present in the skin. 

Seymour-Jones also suggested that the function of bating is the 
removal of the elastin fibers of the skin. In collaboration with J. T. 
\\ood, Seymour-Jones carried out an interesting exiieriment on the 
bating of sheep skin. The “flywing” grain of a sheep skin was split 
from the main body of the skin, called simply flesh for convenience. 


•Notes on the Constitution and Mode of Action of the Dung Bate, J. 1 , Wood. /, 
Chem. Ind. 17 (1898), loii. . , r,, ,1, • j rv t r 

’ Enzymes Concerned in the Pucring or Bating I roccss. J. 1. Wood and D. J. Law. 
A Soc. Chitn. Ind. 31 (19*2), 1105. 

*U. S. Pal. 886.411, May 5, *908. r-i a t 

•Biochemical Studies of Skin. C. J. Rosenthal. /. Am. Leather Chem. Atsoc. 11 (191^)* 

463. 

The Physiology of the Skin. Alfred Seymour Jones. J. Soc. Leather Trades Chem. 
•4 (1920), 60, 




Fig. 7$.— Vertical Section of Calf Skin. 

(After liming and unhairing, before bating.) 

Location: butt. Eyepiece: none. 

Thickness of section: 40 p. Objective: 32-mm. 

Stains : WeigerEs resorcin-fuchsin Wratten filters: B-green; E-orange, 
and picro-red. Magnification: 25 diameters. 
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Fig. 76. — Vertical Section of Calf Skin. 

(After bating, before tanning.) 

5 "Cation; butt. Kyepiece; none. 

• liickness of section: 40 p. Objective: ,v-nim, 

Stains: Weigert’s resorcin-fuebsin \\ ratten filters: L-grcen; h-orange. 
and picro-red. Magnification: 25 diameters. 
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and both grain and flesh were cut into halves along the backbone. One 
grain and one flesh were bated with pancreol, a pancreatin preparation 
similar to oropon, while the other halves were delimed with acetic acid, 
but not bated. All four pieces were then tanned with sumac. There 
was comparatively little difference between the bated and unbated 
flesh halves, but the grain samples were very different from each 
other. The bated grain was soft and even, with the hair-holes clean 
and clear, but in the unbated grain the hair-holes appeared to be gliu d 
up and the surface had a rough, contracted appearance. He con^ 
eluded that elastin present in the region of the grain membrane ninst 
be digested before tanning in order to produce a satisfactory grain 
surface, but that the bating of the skin under the grain is not only 
unnecessary, but often undesirable. 

The difference which Seymour-Jones found between the two grains 
was probably not due entirely to the bating process, since one was 
treated with acetic acid while the other was not. This means that 
the unbated grain would he subjected to the action of tan liquor at 
a lower pH value than the bated grain. But as the pH value of a 
fresh tan liquor is lowered, there is an increasing tendency for it to 
produce in the grain layer of a skin the rhythmic swelling described 
in Chapter 5. This shows itself first in a roughening of the grain, 
similar to that described by Seymour-Jones, and with further drop in 
pH value the corrugation of the surface appears. The roughening of 
the grain which had not been bated may have been aggravated by the 
presence of the elastin fibers, but the chief cause was probably the 
lower pH value. 

Wilson and Daub undertook to settle definitely the question of 
the removal of elastin in the bating process by means of the microsco[K\ 
They prepared sections of calf skin taken both before and after bating 
with a solution of pancreatin and found that the process removes all 
of the elastin fibers, if sufficiently prolonged. Fig. 75 shows a sec- 
tion of calf skin taken after liming, unhairing, scudding, and wash- 
ing, but before bating. The elastin fibers show as a thick, black band 
just under the grain surface; the magnification here is not sufficiently 
great to show each individual fiber. Another layer of elastin fibers 
appears at the flesh boundary. The main body of the skin contain^ 
no elastin fibers excepting those surrounding blood vessels, nerves, and 
muscles. Fig. 76 shows an adjoining section of the same skin taken 
after bating for 24 hours in o.oi-per cent pancreatin solution at 40° C., 
having a pH value of 7.5. 

The author has recently received a letter from Mr. L. Krall of 
Geneva, Switzerland, claiming priority in discovering, by means of the 
microscope, that the chief function of bating is the removal of elastin 
fibers from the skin. His experiments, performed at the Universitv 
of Geneva from 1914 to 1916, proved that the elastin fibers of skin 
can be entirely removed by digestion in an infusion of dog dung 
at 40 C. His photomicrographs show that the action of dung is 

"The Mechanism of Bating. J. A. Wilson. J. Ind. Eng. Chem. 12 (1920), 1087. 

A Critical Study of Bating. J. A. Wilson and Guido Daub. Ibid., 13 (1921), IJ 37 
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practically identical with that found by Wilson and Daub for jm- 
creatin, thus furnishing further evidence of the soundness of Wood’s 
conclusion that pancreatin is the active constituent of dung in bating. 
K rail's Important paper was unfortunately buried in a private bulletin. 

After examining hundreds of sections of skin, taken before and 
after bating, at high magnifications and with the employment of a great 
variety of stains, Wilson and Daub came to the conclusion that the 
removal of elastin is the primary function of bating and that the 
other actions associated with dung bates can all be produced by the 
simple chemical control of the processes other than bating. The fall- 
ing of the skin, however, always accompanies the removal of elastin 
because the range of pH values over which pancreatin acts upon elastin 
is such as to reduce the plumping of limed skin to the point accepted 
as a measure of the completion of the bating process. 

In studying the progress of bating, Wilson and Daub observed cross 
sections of skin taken before and after bating and estimated the per 
KMit of elastin removed by the treatment. For this purjx)se, the sec- 
tions were prepared and stained as described in Chapter 2. The 
enzyme which they employed was a commercial sample of U.S.F. 
jiancreatin which showed by analysis: water, 6.3 per cent; ash, 6.8 
jx-r cent; nitrogen, ii.o per cent; chlorine, 1.7 \HiV cent; phosphates, 
as phosphorous pentoxide, 3.5 ix:r cent; sulfate, none, lly the method 
lor determining tryptic activity described by Sherman and Neiin.*^ 
10 milligrams of the sample acting upon i gram of casein in 100 cubic 
centimeters of solution for i hour at 40^ C. and at pH value of 7.33 
•iigestecl 51 milligrams of nitrogen. As a matter of caution, it should 
he |X)inted out that this does not give a correct measure of the activity 
of the enzyme so far as its power to digest elastin is concerned. Ihc 
author suggests that the elastin-digc.sting power of a hating material be 
determined solely by the amount of elastin which a given sample can 
digest from skin under rigidly defined conditions. 1 he activity of the 
sample on casein or gelatin may be entirely misleading as regards its 
value as a bating material. 

For each series of experiments, Wilson and Daub cut a piece of 
limed and unhaired calf .skin into strips about 2x0.5 inches. Ihere 
is a small, but appreciable, difference in time required for complete 
removal of elastin from skins of dilTerent thickness and for this reason 
care was exercised in selecting all strips for any one series from the 
same part of the same skin, so as to have them all as nearly identical 
as possible. Each strip was put into 500 cubic centimeters of liquor, 
a volume large enough to prevent the skin from seriously altering 
the concentration of the liquor. Ihe liquors were all put into dark 
hrown bottles to shield them from the light and were kept in a large 
hreas thermostat for the stated lengths of time at qo° ± o.oi*^ C., the 
"ptimum temperature for most enzyme actions.*^ 
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Every liquor contained 0.02 mole per liter of added phosphoric 
acid to act as a buffer, in addition to the enzyme, and the potassium 
hydroxide required to give the desired hydrogen-ion concentration. 
The pH value of each liquor was determined both before and after 
the digestion period by means of Hildebrand electrodes and a Leeds 
and Northrup potentiometer, excepting where it was proved by previous 
test that the results obtained by the Clark and Lubs series of in- 
dicators were sufficiently accurate. Except for the more strongly acid 
and alkaline solutions, the change in pH value during digestion was 
practically negligible, l^stiniates of the per cent of elastin removed 
were made on the basis of removal from the grain layer only. In some 
cases all of the elastin was removed from the grain layer before half of 
it was removed from the flesh layer. Since the shaving oi)eratioii 
removes practically all of the flesh elastin, its removal in bating is of 
little inqxjrtance. 

As a rule, a preliminary series covering a very wide range was 
run, followed by a second series covering only the active range of the 
enzyme. A third series was usually run as a check. 


Effect of Hydrogen-Ion Concentration. 

It is well known that the hydrogen-ion concentration is an im|)or' 
tant factcu* in determining the rate of digestion by enzymes. Using 
o.T gram of pancreatin [x^r liter and digesting for 24 hours, complete 
removal of elastiti from the skin was obtained only between the pH 
values 7.5 and 8.5. A portion of the pancreatin was put into a collodion 
sac and dialyzed against running tap water in a dark room for i(i 
hours and used in a diqdicate series in such quantity as to represent 
o.i gram per liter of the original pancreatin. The results were identical 
with those obtained with the undialyzed enzyme. A series was then 
run in which the concentration of pancreatin was increased to i.o gram 
\)QV liter. Complete removal of elastin was obtained between the pi I 
values 5.5 and 8.5, The results of the two series, which are shown 
in Fig. 77, were carefully checked to insure their accuracy. The 
per cent of the total elastin which was removed is plotted against 
the i)H value of the solution taken after digestion and cooling to 
25^ C. 

The peculiar relation of the curves to each other is significant. 
They nearly coincide at all pH values above 7.5, but at 6.0 the 
stronger solution is still at its optimum activity, while the weaker 
one has apparently entirely lost its elastin-digesting power. When 
an enzyme has been found to have different optimum pH values with 
different substrates, it has been supposed that the effect of the hydro- 
gen-ion concentration upon the substrate has been the determining 
factor. But here we have the same enzyme and the same sub- 
strate, with a change in the optimum range due merely to a change in 
concentration of the enzyme. 
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\n explanation is suggested by the work of Nortlirop,"' ” wlio 
],.i< <|iown that the activity of an enzyme solution is not necessarily a 
, unction of the apparent total enzyme concentration, hnt tliat a portion 
the enzyme may he inactivated hy combining with peptone or other 
i,,r(i,”n matter. He has iwinted out further that tlie extent of the 
!,,rmation of addition compounds Itetween protein and enzyme deixmds 
iijon the concentration of protein ioti, which in turn is’ a fnnetion 



I !'■ 7,'. — Kemoval of elastin libers from limed ealf skin as a fnnetion of liydro 
ut n-ion concentration. Time of digestion 24 hours ; TeiniK'ratnre 40" ( '. 

d the hydrogen-ion concentration. If some |>rotein (jther than elastin 
' n spoi^sihle for tlie inactivation of a portion of the enzyme, we sliould 
'■^iHct such action to be a mininuun at the isoelectric point of tliis 

I'O'tein. 

After bating, the strips of calf .skin were all carefully examined 
the “bated feel,” which apparently bears no relation to elastin 
but corresjxjnds to a condition of minimum swelling of the 
Ain proteins. The only strips passing this test were those from 
^luors having pH values between 6.1 and 9.<S. The average of tliese 
which is also the midix)int of the (optimum range for the more 
Aiutc enzyme solution. This value evidently corres[)onds to the sec- 

,, ” the Effect of the Concentration of Enzyme An tin* Kate of Digestion of I'lotcInH by 

'■'■'I J. H. Northrop. J. General Phy.uol. 2 47». , . , 

J lie Significance of the Hydrogen ion ( oiuentr.ition for the Digestion of iSoleins by 
‘ n !i. Ibid., 3 (1920), 21 1. 
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ond point of minimum plumping of calf skin found by Wilson and 
Gallun and shown in Fig. 73. It is worthy of note that at 40“ C. 
Wilson and Daub found no indication of a point of minimum except 
at 8. On the basis of the theory of the existence of two forms ui 
collagen, discussed in Chapter 5> it would appear that at 40° Wibun 
and Daub were dealing only with the form stable at higher temjx na- 
tures and pH values and whose isoelectric point appears to be at 7.7. 

The following explanation is therefore suggested tentatively. At 
a pH value of 7.7, practically all of the enzyme is left free to atta.k 



I',:;. Removal of elastin fibers from limed calf skii as a function of lie 

of digestion, d'einperatiire 40"" C. ; pli value jXu 

the elastin, but as the pH value is decreased and the concentratn'H 
of collagen cation correspondingly increased, more and more enzyme 
is removed from the field of action by combining with it. In il''' 
weaker enzyme .solution at pH — 6 practically all of the enzyme is m 
combination with collagen, whereas in the stronger solution the cn 
cess of enzyme is still sufficient to digest elastin. It is interesting 
also to note that Thomas and Scymour-Jones found that pancreatm 
attacks collagen at an increasing rate as the pH value is lowcrol 
from 8 to 6. In dealing with the effect of hydrogen-ion concentration 
upon enzyme action, it is evidently necessary to know the effect of th< 

*• Hydrolysis of Collagen by Trypsin. A. W. Thomas and F. L. Seyniour-Jones. /. 
Chem. Soc. (1933); (advance copy). 
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(iv,liv,s;cn-ioii concentration upon eacli sul)stance in contact with the 

s.iliition. 

It is interesting to compare the optimum pH values for tryptic 
,ln;,stion found by other investigators:'® for albumnse Michaelis and 
Daviilsohn found 7.7; for casein Slierman and Neun=' hmiul 8? 
while Long and Hull®" found 5.5 to 6.3; and for fibrin Long and' 
Hull-- found 7.5 to 8.3 The total range of 5.5 to 8.3 corrcsminds 
, L-elv to the range found by Wilson and Daub, 5.5 to 8.5, for complete 
leiii'oal of elastin by the more concentrated enzyme solution. 



I '' ; 9 .— Removal of elastin fillers from limed calf skin as a function of concen- 
tration of enzyme. Temperature 40'’ ; pH value 7.f>. 

pll values less than 3.0 there was a marked destruction of 
fin* collagen fibers, evidently due to acid hydrolysis, and the strips 
\'crc much swollen and rubbery, but no removal of elastin could be 
'^ictected. 


Effect of Time of Digestion. 


Iwo series of solutions were prepared, one in which the concen- 
tration of enzyme was o.i gram per liter and the other in which it 
i.o. All members of both series were otherwise identical. The 


JO of* loc. cit., p. 66. 

36 (19"), 280. 

ntu j ’ Soc , 38 (1916), 2203; 40 (1918), 1138. 

39 (1917), 1051. 
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pn value of each liquor was brouglit to 7.6 and this did not 
during digestion. Each strip of calf skin was kept in a separate h ttlr. 
The bottles were removed from the thermostat at fixed intervals (liirii,. 
24 hours. 

Complete removal of the elastin was effected by the stronger cii/vm,; 
solution in 6 to 8 hours, but in the weaker solution 24 hours \v( r. 
required. The progress of the digestion is shown in I^g. 78. The 
time required to start the digestion, 2 hours for the stronger and 3 
hours for the weaker solution, was apparently the time required iTi 



Grama Ammonium Chloride per Liter 


Fk;. 80— Removal of elastin fibers from limed calf skin as a function of dn 
concentration of ammonium chloride. Time of digestion 24 hours; 
ature 40° C. ; pM value 7.6. 

the enzyme to diffuse into the region of the skin containing the elastni 
fibers. As will be seen from Fig. 82, these begin about o.i millinici( r 
below the grain surface. 

Effect of Concentration of Enzyme. 

Two identical series of solutions were prepared in which the in 
dividual members differed only in concentration of pancreatin. Oiu’ 
series was kept in the thermostat for 5 hours and the other for -’I 
hours. The results are shown in Fig. 79 and furnish a study in economy. 
Complete removal of elastin is effected by o.i gram of pancreatin m 
24 hours or by 1. 1 grams in 5 hours. 
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Effect of Concentration of Ammonium Chloride. 

A study of bating would not be complete if it did not include 
tlie effect of ammonium chloride, one of the most abundant constitu- 
etits of commercial bating materials. Aside from its use as a Idler, 
it has been assumed to be beneficial in removing lime from the skins 
and tending to maintain a slight alkalinity favorable to tryj>tic diges- 
tion. Two series of solutions were prepared in which the concentration 
of enzyme was o.i and i.o gram per liter, respectively, 'ho each 
Miccessive member of each series increasing amounts of ammonium 
chloride were added and the pH values of all members were brought 
to 7.6. The time of digestion was 24 hours. The results are shown 
in lug. 80. 

In working with very dilute enzyme solutions, a distinct activating 
clTcct was noted ujxui the addition of 0.5 gram \)cr liter of am- 
nionium chloride, while larger amounts showed an iidiihitory effect. 
With thin calf skin the activating effect was not detecta 1 )le with the 
solution containing o.i gram per liter of enzyme after a 24-hour diges- 
tion jxiriod, because all of the elastin was removed without adding 
any ammonium chloride. In order to show the activating effect in 
these experiments, strips from heavier skins were used, which re 
«|uire a somewhat longer time for complete removal of elastin under 
tixed conditions. The activating effect of 0.5 gram of ammoniinn 
chloride per liter and the inhibitory effect of great(‘r concentrations 
are very marked. It is also important to note that the effect of 
ammonium chloride can be entirely overcome by a sufficient excess of 
(Mizyme. 

This behavior of ammonium chloride is interesting in view of the 
finding of Thomas that potassium bromide in concentrations of 0.0 
to O.I mole per liter has an inhibitory effect uixin the action of malt 
amylase, but in greater concentration has an activating effect. 

At concentrations greater than 50 grams per liter the ammonium 
chloride exerted a destructive action U|)on the collagen fibers, proliahly 
due to the formation of free ammonia. 


Distribution of Elastin Fibers in the Skins of Different Animals. 

It is well appreciated by tanners that skins of different animals 
■uul of animals of different ages must be treated differently in hating, 
as well as in other processes. It has been noted, for example, that 
the bating of a cow hide is less effective than the bating of a calf skin 
tinder the same conditions. The reason for this will l)c made aj)- 
parent by comimring Figs. 81 and 82, both of which were photo- 
graphed at exactly the same magnification. They rei)r(*sent the u])|K*r 
l>ortions of the skins taken after liming, unhairing, sciuhling, and 
'vashing, but before bating. Fig. 81 is from a full grown cow hide, 

** A Noteworthy Effect of Bromides upon the Action of Malt Amylase. A. W. Ihoinai. 
J- Am, Chfm. ^oc. 39 (1917), 1501, 




Fig. 8i.— Vertical Section of Thermostat Layer of Cow Hide 
(After hmmg and unliairing, before bating.) 

Location: butt. Eyepiece: 5X 

Thickn^s of section: 20 p. Objective: 

btam: Daub s bismarck brown. Wratten filter: C-blue. 

Magnification: 140 diameters. 





Fig. 82.— Vertical Section of Thermostat Layer of Calf Skin. 

(After liming and unhairing, before baling.) 


i '-cation: butt. Eyepiece: 5X. 

Ihickncss of section: 20 p. Objective: i6-mm. 

‘"'tain: Daub’s bismarck brown. W ratten filter: C-lilne. 

Magnification: 140 diairiclers. 
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Fig. 83.— Vertical Section of Thermostat Layer of Sheep Skin. 

(After liming and unhairing, before bating.) 

Location: butt. Eyepiece: sX. 

Thickness of section: 20 n. Objective: i6-nim. 

Stain: Daub’s bismarck brown. Wratten filter: C-blue. 

Magnification: 140 diameters. 
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Fig. 84.— Vertical Swtion of Thermostat Layer of Hog Skin. 
(After liming and unhairing, before bating.) 

butt. Eyepiece: 5X. 

Thickness of section : 20 p. Objective : i6-mm. 

btain: Daub’s bismarck brown. VV ratten filter: C-blue. 

Magnification; 140 diameters. 
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while Fig. 82 is from a young heifer calf skin. It will he iK.u.i 
that the older skin has relatively fewer elastin fibers, although iIk , 
extend into the skin to a greater absolute depth. This greater (K pii, 
necessitates leaving the hide in the bate liquor for a longer tiiiic. v,, 
that the enzyme may diffuse to the most deeply seated fibers, Imt. (,,i 
the other hand, there is less reason for removing the elastin fibers iinm 
the heavier skin, because they are relatively fewer. 

Fig. 83 shows the elastin fibers of a sheep skin before bating :m<i 
Fig. 84 those of a hog skin. The elastin fibers of the hog skin :n\ 
very si)arsely scattered; the heavy band of elastin fibers pasMu- 
obliquely upward to the right, across the center, is apparently tlun- 
for the purix)se of protecting the erector pili muscle, which it surrounds. 

Figs. 81, 82, 83, and 84 should be compared with Figs, ii, is. 
28, and 30, respectively, of Chapter 2, which show sections taken finm 
the same skins when fresh. 


Effect of Elastin Removal on the Final Leather. 

Wilson and Daub attempted to determine the practical value nf 
bating by comparing bated and unbated skins. A limed calf skin \\;o 
cut into halves along the line of the backbone, the elastin was emn 
pletely removed from one half by means of pancreatin, while ilu 
other half was simply treated with dilute ammonium chloride sdu 
tion having a pll value of 8, in order to reduce its degree of pliun|niii: 
to that corresiKUuling to what is accepted as the bated state. I'-'tli 
halves were then thoroughly washed. It was recognized that an cx;n t 
comparison of the two halves during tanning could not be made, it 
the pi I values of the absorbed solutions were very different. 1 A(m\ 
effort was made to have the pieces identical, excepting for elaMii; 
content. 

The most noticeable difference was observed during the early 
of vegetalde tanning. The surface layers of the skin naturally tan 
more rapidly than the fibers in the interior and there is a tendciu \ 
for the grain surface to expand temjxu'arily to a greater extent than 
the rest of the skin. The elastin fibers in the unbated half evidenth 
tended to prevent this expansion and the result of the tension itm 
duced was a slightly harsh feel, although the grain api)eared tiL:hi 
and smooth to the eye. The grain of the completely bated liah. 
however, actually expanded, giving the skin temporarily a wriiikl"! 
appearance, although the grain felt very soft and silky. When fi' tli 
halves had become completely tanned, this difference had almost 
appeared. In the finished leather, the only difference in appearaiKx* 
was a slightly lighter color in the bated half. Photomicrographs < i 
exactly corresponding points on the grain surface of the two hah^^" 
are shown in Fig. 85. The difference in appearance of the grain sur 
face in the two cases is practically negligible. In carrying out pia^ 
tical tests of this kind, tanners usually fail to appreciate the le’ 
portance of having the test pieces in equilibrium with solutions "t 
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jhc same pH value and often attrilmte to dilTerences in l)atint; dif- 
t\ iciices in the properties of the leather aetiially caused l)y ditlerences 
„i pi I value. 

W hile bated and unbated finished leathers aj)ix‘ar much alike to 
jiu' eye, there are j^rceptible physical dilTerences. such as one ini^dit 
..xjH-et to find in view of the fact that the elastin libers have l)een 
rriiiovcd from under the grain of the bated leather. The desirahiliiy of 
o-inpletely, or even i^artially, removing elastin from skin depends 
npnii the use to which the leather is to he put. Hated leathers are 
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Fig. 85.— Grain Surfaces of Tanned Calf Skin. 

f yopicce: none. Wratten filter: K2-yell()w. 

<)l)jeclive: 48-nim. MaKnilieali<»n : 7 diatiulers. 

iMially a little softer than unhated leathers, hut this is ik'sirahk' for 
'"Hic leathers and undesiraldc for others. Wood believes that it 
'' not necessary, or even desirable, to remove all of the elastin in hating, 
*'n( that it is sufficient for the elastin fibers to he hrok(*n up or 
''(akened, in order that the desired suppleness may he obtained. 


Digestion of Collagen during Bating. 

Although Thomas and Seymour-Joiies have shown that panereatin 
livdroly^es collagen, the work of Wilson and Daiih indicates that no 
’ ’Oils loss of collagen occurs where the pH value is kejit within 
limits 7.5 to 8,0 and the action is stojiped jnst as soon as all 
die elastin fibers have been dissolved. Unduly jnaalonglng the 
’ oix?ration is sure to result in a very considcrahlc hydrolysis 
eollagen, with corresponding decreases in the yield and firmness 
' ' the leather. Often an apparently lieavy loss of collagen during 

‘The Properties and Action of Enzymes in Relation to Ixalhor M.inufatt rr. 
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bating may be attributed to a previous breaking down of the collai^en 
by excessive liming, putrefaction, or contact with liquors containing 
much ammonia. Manufacturers of glove leather sometimes make use 
of these agencies in order to get a very soft leather. They leave the 
skins in the lime liquor until a considerable amount of hydrolysis 
of collagen has taken place and then subject the skins to a prolonged 
bating. Much valuable collagen is thus lost, but the skins are thercliy 
rendered more suitable for a specific purpose. 



Chapter lo. 

Drenching and Pickling. 

In the final preparation of the skin for tanninj^, the pll value 
of the solution absorbed by the skin and with which the skin is in 
C(|uilihrium must be adjusted to suit the particular method of tanning 
to be employed. During liming, this solution has a pi I value of about 
IJ.5; during bating, a pH value of about 7.5. Ikfore skins can be 
tanned properly by any of the common methods of tanning, the pH 
\alue of this solution must be lowered considerably below the value 
;.5. During vegetable tanning, the pH value of the liejuor is usually 
less than 5 and in chrome tanning less than 4. ]\y using tan li([Uors 
containing the proper excess of acid, the adjustment of \)\{ value may 
be made in the tan liquor itself. But this is often a very difiicult 
matter where the process is not under rigid chemical control. 

Drenching. 

For certain classes of leather, it is customary to subject the bated 
>kins, before tanning, to a process known as drencJihuj. Sometimes 
the bating process is omitted, as entirely unnecessary, and the skins 
are drenched directly after the washing following the unhairing process. 
The drench liquor is prepared by mixing 5 to 10 grams of bran jx‘r 
liter of water at 30® to 35® C. and allowing the mixture to ferment, 
with the formation of organic acids. The skins are put into this 
liquor contained in a vat equipped with a paddle wheel which keeps 
the liquor well stirred. In some tanneries, the fermentation is carried 
out in special tanks and only the clear, decanted, acid solution used 
on the skins. The acid dissolves any lime remaining in the skin and 
l^rings the skin into a more suitable condition for tanning. The j)articles 
of bran also exert a sort of cleansing action iqx)!! the skin, tending 
to absorb dirt and greases. The treatment is usually continued for 
st;veral hours, but the completion of the process is determined by 
skilled workmen, who have learned to judge by the feel and appear- 
t^nee of the skin just when it is ready for the particular tanning process 
to |)e 

employed. 

During the process, there is a considerable evolution of gas, which 
tends to cause the skins to float to the surface. In a drench in actual 
tt^e. Wood ^ found that the gases had the following composition : 

\v Properties and Action of Enzymes in Relation to Leather Manufa( lure. J, T. 

‘ /. Ind. Eng. Chem. 13 (1921), xi35* 
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Carbon dioxide 
Hydrogen sulfide 
Oxygen 
Hydrogen 
Nitrogen 


25.2 |)er cent 
trace 


2.5 

46.7 

26.0 


'Phe acids produced per liter were 


Formic 0.0306 gram 

Acetic 0.2042 

Butyric 0.0134 

Lactic 0.7907 


Only an insignificant quantity of other materials were formed duriiiv 
drenching, triniethylamine being the chief. 

It was found that the starch of the bran is converted into gliu'(tM > 
and dextrin by the action of an amylolytic enzyme, cerealin, discovrud 
by Mege Mouries.''^ It resembles the diastase of translocation dt 
scribed by Brown and Morris^ in their work on the germination (i 
grass seeds. It transforms starch into dextrin and glucose, \vluir:i^ 
:)rdinary malt dia.stase transforms starch into dextrin and inaltns, 
The action of cerealin is much slower than that of diastase. Tin 
sugars are then fermented by bacteria {Bacillus furfuris) with tin 
formation of the organic acids listed above. The principal acid pin 
duced is lactic; the acetic acid is produced directly from the gliico't' 
without any preliminary alcoholic fermentation by yeasts. 

In the hands of experienced operators, the drenching process m I 
dom gives much trouble, but it is not quite foolproof. If the acidio 
of the liquor increases rapidly and the skins are not removed in tiim , 
they become excessively swollen and may even be destroyed by h\(li' 
lysis, especially if the liquor is very warm. How much enzymes jilav 
a part in this hydrolysis is not yet known. Apparently danger fia ni 
this source can he prevented by adding .salt to the liquor to repn-'- 
the swelling of the skin just as soon as it becomes very noticeable. 

In his review of the damage to .skins that may be caused l)y in' 
proper control of the drenching oj^eration. Wood * points out that tl'c 
discovery of the effectiveness of salt in preventing the de.striicti‘ n 
of skin in an acid liquor that would otherwise cause excessive swelling 
represents the origin of the modern pickling process. 

Sometimes the fermentation may not proceed in the usual mainin 
and the liquor, instead of becoming acid, turns slightly alkaline, 
quently becoming bluish black, due to the presence of chromogciii^’ 
bacteria. Under these conditions the skin is rapidly attacked I’V 
proteolytic organisms, but may be saved if transferred in time t'* 
solution of acid and salt. 

When the fermentation is accompanied by a very rapid evoliiii' 

* Compt. rend. 37 (1853), 351; 38 (1854), 505; 43 (1856), 1122; 48 (1859), ' 

(i860), 467. 

* /. Chem, Soc. 57 (1890), 458. 

* Puering, Bating and Drenching of Skins, p. 237. 
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aas, the skins may be clamaj^ed by the formation of ^asos inside 
,,i the skin which burst owt throuiih tlic i^rain surface, leavinij small 
!j,,les. A damage very similar in ai)])earance may he caused i)v \)\\) 
t,,.lvtic bacteria developing on the grain surface, each colony forming 
;! small hole. This usually results from operating the drench at too 
Iiinh a temperature. A high temperature, especially in the presence of 
ail excess of acid over that normally present, may result in a con- 
.alcrable amount of hydrolysis of collagen and the leather will feel 
laiher spongy and empty. 

When bacteria attack the grain during drenching, the surface »tf 
ihe linished leather may show dull patches, as thotigh it were etched, 
hi one instance, Kitner '''* found that this was causetl hy luu illus 
lih'ihitcnutn, which formed a slimy iilin over the grain surface, which 
was attacked by a proteolytic enzyme secret(‘d by the bacillus. 

W Ood and Wilcox’* showed that if the acids ordinarilv found in 
the drench are used in pure s(dution in the proportions in which tluo 
• K ciir in the drench, the action ui>on the skin is the same, except for 
heiiig more rapid. With the appreciation of the fact that the actixa* 
I uii>tituent of the drench is the acid formed, tanners began to sub 
oitute pure solutions of organic acids, such as lactic and acetic. These 
eniild be used with safety, simply by adding tlu*. acid at such rate as 
!'• keep the solution just neutral to methyl orange, J lydrochlorii' acid, 
ln'ing cheaper, is often used, although it makes the control more deli 
cite. In this way practically all of the lime can be remo\(‘d from 
the skins and the skins then combine with a sufficient amount of the 
;icid so that they do not reduce the acidity of the ordinary vi'getahle 
tan li(|uor into which tliey may be put. 

Hut even when pure solutions of acid were employed to drench 
dsins, no fixed rule could be made for all tanneries. If the vegi^tahle 
tan li(juors contained a considerable amount of salt and other soluble 
nontannins, the drench could be o])erated at a lower ])ll value with 
Nitety, Where fresh liquors of tanning materials containing a relatively 
small projxirtion of nontannin were used, there was danger of the 
Tins being damaged by the rhythmic swelling described in C'hajiter 5, 
whenever the pH value of the drench fell lielow .some lixed valm*. 
which tlepended iq^on the composition of the tan liijtior employed. 
11ns trouble can be avoided by the addition of salt to the tan liquor, 
hut the remedy may be almost as undesirable as the disease, since 
tnany tan liquors are precipitated by the addition of salt. In gen 
♦nil, the purer the first tan liquor into whicli the skins are jmt alter 
drenching, the more delicate must the control of the drenching 
"peration be. 

It .sometimes hajiiiens that the tan liijuors emj)loyed (ontain easily 
fermentable sugars, which are continually lieing converted into organic 
‘Wids. In such cases, the use of a drench prior to tanning may be 
undesirable and even the bating operation may be unnecessary, wliere 


’^Gerber (1898), 204. 

•Kuither Contribution on the Nal'urf of Br.an Fcr men tat ion. 
uilcox. y. 5,,^ Chevi. Iiui. 12 (1893), 422. 
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the removal of elastin is not important. The tan liquor itself actually 
becomes a drench and the lime salts formed serve to prevent rhythiui'c 
swelling. Where the skins have been drenched prior to putting into 
the tan liquor, the acid present may prove excessive and the skins will 
be spoiled. 

One tanner may employ a non-acid tan liquor preceded by a drench, 
another may use acid tan liquors and do away with the drenchin^r 
operation, and yet both may produce the same kind of finished leather. 
But one would not dare to adopt only a part of the other’s metluxls. 
which might prove disastrous; he must adopt all or none. This will 
serve to explain why it is not possible to outline quantitatively a rigid 
system of bating, drenching, deliming, or any other process, so tliat it 
may be used in any tannery. All fundamental operations in any one 
tannery are interdependent and a change, even one for the better, in 
one operation might necessitate a corresponding change in nearly every 
other operation. 


Pickling. 

The pickling operation differs from drenching chiefly in the fact that 
salt is used in conjunction with the acid. Formerly it was the cus- 
tomary practice to soak the limed or bated skins in a vat containing 
dilute sulfuric acid until they became somewhat swollen and then 
to transfer them to a saturated solution of sodium chloride, which 
repressed the swelling. Now it is more common to use the acid and 
salt in solution together, the preliminary swelling having been found 
unnecessary and sometimes undesirable. A satisfactory pickle liquor 
for most purposes consists merely of a molar solution of sodium 
chloride to which sulfuric acid is added in the desired amounts. 

Pickle liquors are used for a number of different purposes, the 
chief of which are the preparation of skin for chrome tanning and 
the preservation of unhaired skins so that they may be kept for an 
indefinite period before tanning. 

In preparing skins for chrome tanning, the concentration of acid 
most desirable to use depends upon the degree of basicity of the chrome 
liquor employed. The more concentrated the acid in the pickle liquor, 
the more quickly does the system tend to reach a condition approxi- 
mating equilibrium. Furthermore, the more concentrated the acid 
solution absorbed by the skin, the more quickly will the chromium 
salts penetrate into the interior of the skin during the tannage. On 
the other hand, if the concentration of acid is too great, the rate ot 
fixation of chromium by the skin will be reduced to an undesirable 
degree, unless the excess of acid is neutralized by the addition of sodium 
bicarbonate, borax, or other agent, during the tannage. 

Pickling has the advantage over drenching that it is extremely easy 
to control chemically. If the concentration of salt is not allowed 
to fall below half-molar, the pickle liquor can be controlled by simple 
titrations, using methyl orange as indicator. Regardless of the variable 
amounts of lime which the skins may contain before pickling, they 



DRENCHING AND PICKLING 


203 


all be brought into a uniform condition simply by so regulating 
Pk* concentration of acid that all skins finally reach equilibrium with 
M elutions of the same concentration. When used in this way, the 
|)ickling process tecomes a stabilizer of inestimable value in chrome 

When the equilibrium concentration of acid is maintained at 0.05 
normal or greater, the pickling of light skins recinires only a few 
hours, but for weaker solutions and for heavy hides, the stock must 
remain in the liquor over night. In acid solutions greater than 0.0 1 
normal, there is practically no danger of the skins being attacked by 
liacteria. The salt present is sufficient to prevent undue swelling at 
any pH value so that the process may be considered entirely safe, if 
i.niy ordinary care is used. 

For preserving skins, after bating, it is sufficient to bring them 
into equilibrium with a solution containing i mole of sodium chloride 
and o.oi mole of sulfuric acid per liter. The liquors may be used for 
several consecutive lots of skin as the calcium sulfate formed is soluble 
in acid solution. The skins are usually ])ickled in vats equipped with 
paddle wheels, which keep the skins and liquor in motion, greatly 
hastening the attainment of equilibrium. After etiuilibriuin has been 
established, the skins are withdrawn from the litiuor and tlirown 
over wooden horses to drain. They may then be kept in a damp 
condition for many months. 

It is often desired to tan such skins later in vegetable tan li{|uors 
of such conqx)sition that they would be precipitated by the salt and 
acid present in the skins. In such cases, the skins arc first dcpickled 
by soaking in paddle vats containing a solution of half-molar sodium 
diloride to which borax is added at such rate as to keej) the solution 
neutral to methyl orange. When equilibrium has been established, 
the skins are transferred to a w'ash wheel and the salt washed out by 
means of running water. They are then ready for tanning. Depick ling 
is unnecessary in the case of chrome tanning. 

In the control of pickle liquors, it must not be assumed that the 
decrease in concentration of acid is caused only by its neutralizatiem 
by lime. Two other factors contribute to the decrease. The bated 
skins u.sually contain about 80 t^er cent by weight of water, only 20 
IH-T cent representing collagen. Part of the decrease is caused by 
the dilution by this water. The author has found that i grain of col- 
lagen combines with approximately 0.00133 gram equivalent of acid. 
b>y making allowance for the decrease in concentration of acid caused 
by dilution and by combination with the collagen, the amount consumed 
in neutralizing lime can be roughly approximated. 



Chapter ii. 

Vegetable Tanning Materials. 

It has been known since prehistoric times that raw skin is colortd 
and rendered iniputrescible by contact with aqueous solutions of ni:i 
terials obtained from many forms of plant life. The active principle, 
which is widely distributed throughout the vegetable kingdom, is a 
class of complex organic compounds known as tannin. By vegetaMc 
tanning is meant the combination of tannin with the protein matter oi 
skin to form leather. 

Among the materials which have assumed commercial importance 
as a source of tannin for leather manufacture arc barks, woods, leaves 
twigs, fruits, pods, and roots. Tanning extracts obtained from (lilfcr 
ent sources show very different i)roperties, which is due in a lar^e 
measure to the foreign matter extracted with the tannin. 


Classification. 

Many attempts have been made to classify tanning materials ac- 
cording to their behavior in tanning practice, but this varies so widclv 
with the nature and proi)ortions of foreign matters extracted with tlic 
tannin that attempts at classification on this basis have not yet ri- 
sulted in any scheme of great practical value. The properties of a 
tanning extract depend more, in many cases, upon the method ft 
extraction or the conditions under which it is used in the tann(M\ 
than iqx)!! its source in nature. By suitably controlling the condition'' 
of tanning, it has been found possible to get practically the same result 
from tanning materials otherwise exhibiting markedly dillerent 
properties. 

The tannins themselves, however, seem to fall chemically into tw" 
general classes, which have been named pyrogallol and catechol from 
the fact that tanning materials usually yield the one or the other m 
these two substances upon dry distillation. Upon fusion with sodium 
hydroxide, the pyrogallol tannins yield sodium gallate while the catechol 
tannins yield sodium protocatechuate. The pyrogallol tannins coii 
tain about 52 |)er cent of carbon as against about 60 per cent in tlu 
case of the catechol tannins. The two classes exhibit a number of 
different properties by which they may be differentiated. 

All tannins seem to possess in common the property of precipitat 
ing gelatin from solution and this is used as a test to indicate the 
})resence of tannin in solution. The reagent is made by dissolving n* 
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-rams of gelatin and 100 grains of sodium chloride in 1 liter of water 
mne drop of the gelatin-salt reagent is added to 5 cuhie centimeters of 
the solution susjiected of containing tannin. Under ordinary conditions, 
a jtiecipitate is formed if more than a trace of tannin is present, riie 
H’ldtivity of this test and the conditions under which it may fail to 
.iterate will he discussed in Chapter u. 

When ferric salts are added to tannin solutions, a deep blue c»)lor 
is formed in the presence of pyrogallol tannins and a deep green ii' 
the presence of catechol tannins. All tannins are precijiitated hv lead 
aeetate, hut if the solution is first made apjiroximately normal to acetic 
.uid. the pyrogallol tannins only are precijiitated by the addition of 
had acetate, the catechol tannins remaining in solution. On the other 
hand, the catechol tannins are precipitated by the addition of an excess 
of l)romine water, while the pyrogallol tannins remain in solution. 

A common method for difYerentiating between pyrogallol tannins 
and those of. the catechol group is to add 10 cubic centimeters of ^o-jier 
l ent formaldehyde solution and 5 cubic centimeters of concent rat e(l 
livdrochloric acid to 50 cubic centimeters of the tannin solution and 
to boil the mixture for half an hour in a flask fitted with a rellnx 
eondenser. Catechol tannins are completely precipitated by this treat 
inent. The solution is cooled and filtered. To 10 cubic centimetms 
'if the filtrate are added 5 grams of sodium acetate crystals and 1 enbie 
eentimeter of a i-\>QV cent iron alum solution. A strong bluish violet 
eoloration will api^ear if pyrogallol tannins are present, but none if 
the original solution contained only catechol tannins. 

d'he se|xiration of the tannins into these two groups and the extern 
dve studies made of the reactions of the many different kinds of 
tanning materials have furnished the basis for a scheme of (jtialitalive 
recognition of vegetable tanning materials which is sometimes value 
in detecting adulteration in commercial tanning extracts. ( )ne of the 
best of these qualitative schemes is that of Procter. ‘ 

When liquors containing pyrogallol tannins umk'rgo fernuiitation 
111 the tan yard, they usually dciK»sit finely divided ellagic acid, wbieli 
appears as sludge in the bottom of the vat or as hlaom on the surface 
"f the leather. Catechol tannins, on the other hand, yield a difficnltly 
x 'lnble material called reds, or phlobaphenes. 


Sources of Tanning Materials. 

fhdy the more important raw materials will be mentioned here; for 
iiinre comprehensive lists, the reader is referred to the standard work 
<'t Dekker and to the books of Procter^ and Harvey. * Among the 
barks used most widely as a source of tannin are those of the several 
varieties of oak. Oak bark is one of the few materials furnishing both 
pyrogallol and catechol tannins, although the latter predominate. Tan- 

' i.eather Chemists’ Pockct ltook, H. R. Procter. K. it F. N. SiM)n L.nfioii tivi-i). 

* Tanning Materials J. Dekker, Vcriang von Gebnider iiurntracKcr, Ih rliM 

* PniKiples of Lcatlicr Manufacture. II. K. l’i<K:ter. 0. Van .\uHUa,i<l ( n , New loik 

. I 

‘fanning Materials. A. Harvey. Crosby Lockwood ^ic Son, l.undun (I'j'i)- 
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ning extracts Dbtaincd from oak bark have long been favorites for tlir 
production of leather where firmness and solidity are desired. Ifim 
lock bark is used extensively in the United States for the manufacturi' 
of lieavy leathers. Extracts made from the barks of the larch, spi U(c 
and fir are used to a very considerable extent both in America and in 
Europe. The barks of the mimosa, or wattle, the mallet, and the sc\ nal 
species of mangrove, which are grown in Australia and South Afrira. 
are very rich in tannin. Babool bark is commonly used in India ami 
willow and birch in Russia. The leather known as Russia calf wa^ 
originally tanned with birch bark, to which it owed its characteristit 
odor. As a general rule, the tannins of the barks belong to tiu 
catechol group. 

Among the woods, that of the quebracho, grown in South America, 
is probably richest in tannin. The tannins of chestnut and oak woods 
find application in the manufacture of sole leather for blending with 
other materials. Quebracho tannin is of the catechol type, while that 
of chestnut and oak woods is of the pyrogallol type. ' The extract 
obtained from the cutch wood of India is widely used as a mordant in 
the dyeing of leather. Recently an extract of the wood of the osai^c 
orange tree has appeared on the market both as a natural dyestiill 
and as a tanning agent. 

The most imixjrtant extracts obtained from leaves and twigs arc 
those of the gambier of India and the sumac of Sicily. The former 
belongs to the catechol and the latter to the pyrogallol group. Gamhicr 
is one of the mildest tanning materials known, a property which it 
apparently owes to the large amount of nontannins present in tlu 
extract. It is used as a mordant and, in mixtures with other materiah. 
in the manufacture of light leathers. Sumac is commonly used 
tan the grain splits of sheep skins for hat bands, etc., and as a mordant. 
It is rather easily decomposed by boiling water. 

A variety of unripe nuts and pods form a much used source ci 
tannin, u.sually of the pyrogallol type. These often contain ca.sil\ 
fermentable sugars and, by their use in tanning, it is often possil)lc ti* 
do away with the acid drench to which skins are sometimes subjected 
prior to tanning. The light colors obtained when using materials lilo 
these, which yield acids by fermentation, may be explained, in (la 
light of recent investigations, by the fact that the color of a tan li([iinr 
as well as that of the leather it produces becomes lighter the lower tin 
pH value. The pods of the algarobilla and divi-divi, grown extcii 
sively in Central and South America, and the dried, unripe nuts of the 
myrobalan tree of India are used in mixtures with other materials that 
do not yield acids so readily. In the preparation of some mixtures, 
valonia, from the acorn cups of the Turkish oak, is favored. Another 
easily fermentable tanning extract is obtained from the babool pods 
of India, which contain both pyrogallol and catadiol tannins. 

Among the roots used as a source of tanning extracts, those of the 
palmetto, grown in the United States, and the canaigre, grown in 
Mexico and Australia, are perhaps the most common. The latter is 
rich in catechol tannin and has a tendency to ferment rather easily. 
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\\ here there is no chemical control of the tan liquors, the selection 
nf tanning materials must be governed by the nature of the oi>erations 
j,j(\e(ling and following the tanning process, as well as by price and 
availability of the materials. While quebracho extract, for example, is 
ail excellent tanning material, its pure solutions are hardly suitable for 
receiving consecutive lots of raw skin containing much lime, 'hheir 
naturally low acidity would be quickly neutralized and the tannin would 
then be precipitated by the lime, or oxidized, and cease to tan proi)crly. 
I'ut (bis danger would be greatly lessened by the use of a mixture of 
tanning extracts containing acid-producing materials, like those in divi- 
(livi or myrobalans. 


Leaching. 

It is still common to fitid tanneries equipped to extract the tannin 
from the raw materials growti in neighboring districts, although the 
iiiaiuifacture of tanning extracts has now become a separate industry, 
wliicb lias proved useful in making a greater variety of materials avail- 
able to the individual tannery. 

One of the oldest systems for leaching raw materials, and the one 
most commonly used in tanneries, is known as the oixiii vat method. 
The bark, or other material, is broken into small pieces and then 
shredded in a bark mill. The leaching tanks are usually arranged in 
batteries of about eight and are fitted with |>erf orated false bottoms on 
which the bark is placed. The bottom of each tank is fitted with a pipe 
through which liquor may be drawn off or pumped from one tank to 
another. When fresh bark is put into a given tank, liquor is run onto 
it which has been used to leach the bark in all of the seven other tanks. 
This strong liquor is finally drawn off and pumped into a storage tank. 
The bark is then leached with liquor which has passed through only 
six other tanks. The eighth leaching of this bark is made with fresli 
water, after which the bark is dumped and discarded. 

ITesh water is used to leach only the most nearly exhausted bark. 
As the liquor becomes stronger in tannin, it is run onto fresher bark, 
and finally onto the previously unleached bark. y\s soon as each tank 
1'' dumped, it is again filled with fresh liark and becomes the head 
wit in the cycle, which is continuous, 'fhe object of this system of 
baching is to get final liquors as concentrated as possible. In the 
(aiiiicry, the liquor in the storage tank is used as needed, but in the 
extract plant it is necessary to evaporate off most of the water so a.s 
to make its subsequent transtx^rtalion practical. 

fhe extraction of the raw material is often facilitated by the use 
^f mechanical devices. Sometimes the leaching tanks are equipped 
^vith mechanical stirrers or with pipes for bubbling air up through 
the liquor. In another system, the tanks are replaced by revolving 
drums, used on the same principle as the open vats, the liquor being 
pumped from one drum to another. In still another system, the bark, 
ur other material, is forced through a trough in one direction, by 
means of a screw conveyor, while water flows over the bark in the 
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(>|)|)()site direction. At the point of entry of the fresh water, the Imi'^ 
is practically exhausted and is dumped onto a pile from which ii 
sul)se(juently moved to the furnaces for fuel, or is disposed of in sdiD, 
other way. At the point of entry of the bark, the liquor is richcvi n, 
tannin and is conducted to the storage tank. 

In many extract plants, autoclaves are employed in order to Itatli 
the hark under pressure, which increases the yield obtained. The litjuni 
is pumped from one autoclave to another, just as in the o|)en \ai 
system. In a system only recently devised, the raw materials air 
leached in autoclaves under a vacuum. The advantage claimed for ilii> 
is that the liquor may he ke})t boiling at a very low temperaluK. 
giving increased yields, hut not at the expense of the quality of tlu‘ ( x 
tract. The relative merits of the pressure and vacuum systems will 
probably be brought out more clearly when they have been inma 
thoroughly investigated. 

Effect of Temperature. 

The rate at which tannin can he extracted from the raw matenal 
increases with the temperature of the water used, hut so also does tin 
rate at which the dissolved matter decom|xjses. The variation of thr 
ratio of these two rates with temperature determines the optimum 
temperature that it is de.sirahle to employ and this is ditfercuit fni 
different materials. It is customary to extract the fresh material :ii 
a low temperature and to increase the temperature of extraction uiiiii 
the material is i)ractically exhausted. In using the open vat s\si(iii 
for ordinary barks, it is a good plan to have the fresh water at the 
boiling point and to allow its temperature to fall slowly to about fx) C . 
as it passes over fresher bark. The tenqx^rature of the liquors can hr 
controlled by having suitable heating coils placed in the tanks jii>t 
under the false bottoms. 

Effect of Hardness and Alkalinity of the Water. 

When a very hard, alkaline water is used in leaching, the taiiiiiu 
yield is very low and the extract is dark in color and of "ixH)r ([ualitv. 
'riiis has been the subject of numerous investigations, from which tla 
general conclusion has been drawn that the use of a soft watci' in 
leaching is imi)erative. But the recent work of Wilson and Kern scciib 
to indicate that the question of hardness of the water used is ct 
less imi)ortance than the pH value of water and liquor. 

Effect of pH Value on the Color of Tan Liquors. 

Wilson and Kern made a special study of the effect of pH value <*n 
the color of gambier and quebracho liquors. Two tan liquors wcix 
prepared, one from gambier and the other from quebracho extract. T*' 

» ‘if ^ Liquor .is a Function of the Hydrogen- Ion Conccnlrat- :: 

J. A. Wilson and h. J. Kern. J. Ind. ling. Chem. ij (19-M), io*»5. 
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n h was added sufficient phosphoric acid to bring tlie pH value to 2.5, 
. ,l('tennined by the hydrogen electrode. The ])hosphoric acid was 
to act as a buffer in preventing large changes in pH value 
ill. 11 long standing. To equal ix)rtions of each, sodium hydroxide 
added to give series of tan liquors ranging in pH value from 
to 12.0 and all having a tannin content of i per cent, as detcr- 
jiisiicd by the Wilson-Kern method, to be described in the next chaj)ter. 
Hk* <4ambier series varied in color from light straw at 3.0 to a very 
red at 12.0. The quebracho series was similar in coU)r excepting 
(h;it the liquors of lower pH value had a touch of violet. Either 
suggested a standard series of colors such as is used in the 
indnator method of determining hydrogen-ion concentration, except 
i,,r the fact that a light precipitate formed in all liquors having a j)II 
\ahn' Ilf 4.0 or less. The difference in color was evidently a true 
niiliratiir effect, for any member of one series could be made to match 
aii\ nther member simply by bringing it to the same pH value. All 
iiKiiihers of either series apt)eared practically identical when brought 
1.1 a pil value of 3.0. 1'his complete reversibility of cohn* change, 
linwcver, was not found when licpiors at higher pH values w'ere allowed 
[n vtand long exposed to air. 


Effect of pH Value on the Oxi- 
dation of Tan Liquors. 

Two complete series of each ex- 
trivt were poured into test tubes; 
(!k“ tubes of one series of each 
Avre tightly stoppered, while the 
cdu rs were left open to the air. 
NTxt day the liquors in the stop- 
I'i rcd tubes .showed practically no 
Tange, but the others had become 
Tirkcr in color, the more so the 
Tebnr the pH value. When the 
T|U(ns in a series not expo.sed to 
air were all brought to a pH value 
"t 1 0, they all assumed practically 
die same color. But when tho.se of 
series that had been exposed to 
were all brought to 3.0, they 
did not assume the same color, but 
darker the higher the pH 
'■ due during the period of expo- 
'iire to air; furthermore a pre- 
’■I'itate settled out from those 
Ahose pH values had been in the 
‘ ' inity of 9. 



pH Value During 3 Daya 
Bxpoeure to Air 

Fig. 86. — Showing how tendency of a 
tan liquor to form a precipitate when 
brought to a pH value of 3 varies 
with its pH value during a period of 
exposure to air. 


I his precipitate formation is very curious. A complete series of 
h extract was allowed to stand exposed to air in shallow dishes for 
3 days; the liquors were then made up to original volume and ix)ured 
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into lOO-cubic centimeter graduate cylinders. Each was brought to a 
pH value of 3.0 by the addition of hydrochloric acid and allowed to 
stand over night. Next day the volume of precipitate from 100 ciil.ic 
centimeters of original liquor was read from each cylinder. The rcMihs 
are shown in Fig. 86. 

Keeping a solution of either extract exposed to air while its pH 
value is 9 causes it to yield an enormous precipitate when its pH 
value is subsequently brought to 3.0. But keeping it exjx)sed to air 
when its pH value is greater than 10 apparently prevents its precipita- 
tion when brought to 3; all such liquors remained brilliantly clear. 
The addition of a great excess of acid, however, caused all lir|Uf)rs tn 
precipitate, while any precipitate could be completely redissolved hy the 
addition of sufficient alkali. 

Another interesting fact is that the liquors exposed to air when 
their pH values lay between 8 and 9 gave much trouble with the 
hydrogen electrode. After bubbling hydrogen through them for onlv 
a few minutes, the voltage would fall rapidly towards zero. ITcn 
when brought to a pH value of 3.0, the liquors still gave this trunhle. 
making it necessary to check the results by means of indicators. NT 
such trouble was encountered with liquors exposed to air at pH vahu > 
below 7 or above 10. Apparently pH ~ 9 is a critical point in the 
oxidation of tan liquors. 

The curves in Fig. 86 show that this effect of oxidation is ap 
preciable at all pH values from 6 to about 10. Most hard waters have 
pH values lying within this range and many of them have pH valuer 
higher than 8. 


Effect of pH Value on the Precipitation of Tan Liquors. 

Wilson and Kern ^ also studied the effect of pH value on the pre- 
cipitation of quebracho liquors. Four series of solutions of sulifl 
quebracho extract were prepared according to the official method of 
the American Leather Chemists Association,^ except for the addition^ 
of sulfuric acid, hydrochloric acid, sodium hydroxide, and calcium 
hydroxide, respectively, to the four scries to produce approximately 
the desired pH value before making each solution up to the re- 
quired volume. The pH values were finally determined at 20"^ t . 
by means of the hydrogen electrode and the solutions were analyzed 
according to the official method. The effect of the added acid 
or alkali upon the per cent of insoluble matter found is shown in 

Fig. 87. 

The solution receiving no addition of acid or alkali had a pH value 
of 4.60. As the pH value was lowered from this, by the addition 
of either sulfuric or hydrochloric acid, there was an increase in the 
per cent of insoluble matter found, sulfuric acid proving the more 
effective in causing precipitation. With increasing pH value, there 

^ •Effect of Hydrogen-Ion Concentration upon the Analysis of Vegetable Tanning Ma 
(erials. J, A. Wilson and E. J. Kern. /. Ind. Ettg. Chem, 14 (1922), 1128. 

4 ***’ Liather C^em, Assoc, 16 (fpai), 11^. 
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was first a decrease in the amount of insoluble matter and the un- 
iiltered solution gradually became more nearly transparent. In the 
case of the liquors containing sodium hydroxide, this continued with- 


(,ut a break, the liquor having a pH 
value of 11.3s filing quite trans- 
j,arciit. But at the neutral point, an 
a!)iiipt change occurred in the solu- 
(i,,ns containing calcium hydroxide; 
with further rise in pH value, the 
ciiinin was precipitated in increasing 
amounts. 

If these data may be applied 
([uantitatively to raw tanning ma- 
terials in general, it is evident that 
the precipitation of tannin by lime 
may be prevented by keeping the 
j)H value of water and liquor, dur- 
ing extraction, under 7. But to 
avoid appreciable oxidation effects, 
the material should not be ex- 
tracted at pH values greater than 
5, which may be accepted tentatively 
as the optimum pH value for leach- 
ing, since, with decreasing values, 
there is an increasing amount of 
material precipitated. Where only 
hard water is available for leaching, 
it would seem the part of wisdom to 
'inantity of acid to lower its pH valu 



loG. 87.~lLfTcct of pH value 011 per 
cent of insoluble matter in solution 
of (luebracho extract. 


add to it, before using, a sufficient 

Mo 5. 


Clarifying, Decolorizing and Drying. 

In the manufacture of tanning extracts for .sale, it is desirable 
dial the extract should be clear, have a good color, and be dried to 
degree sufficient to make handling and shipment easy. Clarifica- 
fion, which consists merely of the removal of finely divided matter 
in suspension, is effected by settling and decantation, by filter-pressing, 
"I" by centrifuging. 

Where the extract manufacturer has carried the extraction of the 
J^nw material nearly to the limit, the extract is apt to have a dark 
c<tl()r, which is not desirable. This seems to be due to the extraction 
foreign matters at the high temperatures used, or, in some cases to 
oxidation. A common method of clarifying and decolorizing some ex- 
^o'icts is by means of blood albumin. The tan liquor is treated with 
^ solution of blood albumin and then heated to a temperature of 
C., at which the albumin coagulates and carries down with it the 
suspended matters, some of the deeply colored bodies, and some tannin. 
1 he clear liquor is decanted off and the sludge is filter-pressed to r^- 
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cover the adherin^^ tan liquor. Although some tannin is lost in ihi. 
way, the color of the extract is greatly improved. 

A number of other methods of decolorizing involve the trealnmit 
of the tan liquor with chemicals. Sulfur dioxide and sodium 
fite are often used. Some brightening of the color would natui,ili\ 
he expected from the lowering of the pH value of the liquor l)\ sni 
fur di(jxide, but the total effect seems to be more complex than 
since some of the susi)ended and difficultly soluble matters are theid)'. 
rendered soluble. Apparently the reducing action of sulfur di(»\i(l, 
j)lays a i)art. 

1 ’here are naturally numerous methods in use for drying e.\ti:u h. 
Since high temperatures and contact with the air during drying an- 
undesirable, much of the drying is done in specially constructed varuum 
dryers. y\s these have been greatly improved, from time to tiinc*. it 
has become possible to dry extracts to greater extents without causing 
them to suffer any damage. lujrmerly it was customary to redtuv 
the water content of most extracts only to from 50 to 60 ])er nnt, 
but now it is not uncommon to find extracts on the market having ;i 
water content as low as 10 i)er cent. 



Chapter 12. 
The Tannins. 


Siiiiic idea of the volume of literature which has a])|)eared dealiui,^ 
wiih (he couij)ositiou of taimiui;' materials may he j^aiued from the 
liililidi^raphv, compiled l)v Dean,' of the more important papers puh- 
lislinl prior to 1910, which lists 273 paiHMs. It is remarkahle that 
ihc greatest work on the ore:anic chemistry of the taimins was accom- 
jiiishcd by the same man who did most to elucidate the comj)le.\: struc- 
uiif of the proteins, hanil iMscher. Amoiyi; llu‘ numerous papers by 
l isdier and his coworkers, tellinj; of their work which led to the 
(liMdvery of the composition of tannin, may be mentioned one eii- 
i!(lcd “Synthesis of IJepsides, I Jchen-Substances and Tannins,” ~ which 
h somethiiif,^ in the nature of a review. 'I'he tannin studied by b'ischer 
was that obtained from nuti’alls, the .so-called .^allotaiinic acid and 
purest form of pyrogallol tannin. 

As early as 1832, .Strecker ' concluded that tannin was a ('omj)ound 
of -lucose and ^udlic acid. Jle was supported by the works of van 
lic^hem,^ who found glucose amonj; the hydrolytic products of tannin, 
■uhI I’oltevin,-' who effected the hydrolysis with the en/yme of 
Ispcn/illus ni(/cr. Jhit the variation in i)n>portion of .!L»lticose found 
weakened the view, which ^^ave way to that of Schilf/* who iTttarded 
i'Uiiiin as digallic acid : 

HO_ 

IK)/ /(:oo/ \ 

HO~ “Coon. 


Although Schiff’s formula for tannin was widely accepted, it was shown 
'‘■ry (lehnitely that digallic acid is not tannin. The formula showed 
‘i" asymmetric carhon atom in the molecule to account for the o|)tical 
“tivity of the natural tannin and it could not account for the high 
'’lolecular weights observed. IW observing the electrical conductivity, 
Ksbt absorption, and behavior towards arsenic acid, Walden " showed 
diat .Schiff’s digallic acid is very different from natural tannin. 

Idscher and J' reudenberg first .set out to determine whether the 

Oil tin* CoinfMisition of Ta.ininj^ Materials; Ilililingraiiliy i.SjH K^uy. A. I,. Dtaii, J, 
l.i'nlltcr Cliciu. Assoc. (1 (lyn;, 172. 

Knitl Fircher. Her. 46 (tyi.i), 325.C J. Am. Chon. .Soc. .V* (1914). ii;'n. 

AV Ann. 81 (1852), 248; 90 (1854), 328. 

■ van TitKhcin. Annal. d. Sciences naturclles Snic Hutnniiiuc (iMi,;), 210. 

Cl. Fnttevin. Contpt. rend. 132 (tyoi), 704, 

: ! <'871), 232. 9^.7; i-i <'879), 33. 

* .’■ L- 3 CSi; 31 (1898;, 3197. 

*-• riseher and K. Frcuiienlieig, Her. 45 (1912), 919, 
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glucose found by Strecker was really a constituent or only a chance 
impurity of tannin. They started with the purest technical tannin 
available. Assuming that the tannin molecule had no carboxyl gronp^ 
they proceeded to separate it from acid impurities by rendering its 
solution slightly alkaline and extracting it with ethyl acetate, a method 
discovered independently and published previously by Paniker and 
Stiasny.® As they had anticipated, the tannin dissolved in the ethyl 
acetate, leaving the sodium gallate in the aqueous solution, d'hev 
accepted this as proof that the tannin possessed no free carboxyl group. 
Applying this method of purification to dilferent kinds of commercial 
tannin, they obtained products that were practically identical. 

After hydrolyzing the purified tannin with sulfuric acid, tluv 
found between 7 and 8 per cent of glucose. In the purest sample 
of tannin examined, they found one molecule of glucose comhiiud 
with ten molecules of gallic acid. No phenolcarboxylic acid otlui 
than gallic could be found in tannin, even when the hydrolysis \\a^ 
effected by means of alkali. With excess of alkali and exclusion of air, 
large yields of alkali salt of gallic acid were obtained in relati\t'Iv 
pure condition. 

It appeared to Fischer that the surest way to prove his assump 
tions regarding the structure of tannin was to synthesize it. lie started 
out with the idea that tannin contains no carboxyl and that, conse 
quently, the gallic acid must all be bound as an ester, a condition that 
would be fulfilled by regarding tannin as an ester-like combinatidu 
of one molecule of glucose with five molecules of digallic acid, after 
the manner of pentacetyl glucose. 

The investigations of Fischer and his collaborators are so exteiisi\e 
as to require treatment in a separate volume and the reader is referred 
to the recent book by Freudenberg,^® who is continuing Fischer’s work 
on the tannins. Fischer'^ succeeded in preparing penta-i«-digalloyl- 
P-glucose, which was proved to be an isomer of the tannin froDi 
Chinese nutgalls. The formula for the so-called gallotannic acid ma\ 
thus be written 


— 0 — 

H H 

II 
lie — c — c — c 


H II 

I I 

-C — CH 


O O O H O 0 

III II 

R K R R R 


where R is the radical 

OH HO OH 

rie-oc< ( ) 0H / \0H 

0 OC 

•J. Chun. Soe, 99 (1911), 1819. 

^*Die Chemie der Naturlitmen Gerbstoffe. K. Freudenberg. J. Springer, Berlin 
** E. Fischer and M. Bergmann. Ber, 51 (1918), 1760. 
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Freudenberg has suggested a classification of the tannins more dis- 
tinctive than the catechol-pyrogallol system mentioned in Chapter ii. 
lie would divide them into two main classes, the first consisting of 
hvdrolyzable tannins in which the benzene nuclei are united to larger 
cniiiplexes through oxygen atoms, and the second of condensed tannins, 
in which the nuclei are held together through carbon linkages. Where 
both kinds of compounds are present, as in ellagic acid, the classifica- 
tion is decided by the genetic connection with other tannins. 

The first group embraces three classes: (i) depsides, esters of 
phenolycarboxylic acids with each other or with other oxyacids; (2) the 
tannin class, or esters of phenolcarhoxylic acids with ixilyatomic alco- 
hols and sugars; and (3) glucosides. The most important criterion 
lit the first group is hydrolysis to simple coinixinents by enzymes, 
particularly tannase or eniulsin. Freudenberg and Vollbrccht have 
recently discussed the isolation and determination of the activity of 
tannase, which is secreted by Aspergillus niger, 

'fhe second group of tannins are not decomposed to simple com- 
ponents by enzymes. They are generally, but not always, precipitable 
liy bromine and condense to amorphous tannins, or reds, of high 
molecular weight, when treated with oxidizing agents or with strong 
acids. They are divided into two classes according to whether or not 
phluroglucin is present. With the exception of some simpler ketones, 
oxybenzophenones and oxyphenylstyrylketones, the catechins belong 
to the phloroglucin class, which include the tannins of quebracho and 
proliably also those of oak bark. 

lliat the reds, or phlobaphenes, precipitated by acid from solu- 
tions of quebracho and gambier extracts are oxidation products is 
indicated by the curves in Fig. 86, which show that the quantity of 
precipitate obtained is greatly increased by previous oxidation. The 
actual composition of the phlobaphenes is not yet known. The ellagic 
acid, or bloom, formed in solutions of tanning extracts of the 
pyrogallol group, is of very much simpler composition than the 
plilubaphenes. The formula 




HOl^_O.CO-l^'OH 

OH 


for ellagic acid, suggested by Graeb,*-* is the most satisfactory thus far 
proposed. 


Practical Definition of Tannin. 

fhe great classical work on the structure of the tannins is still 
too far from complete to enable one to apply organic chemistry to 
practical tanning, excepting, perhaps, in the study of the reactions 

physiol. Chem. ii6 (1921), 277. 

Cktm, Ztg. (1903), 139. 
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of particular groups present in the tannin molecules. The stnu 
tures of the tannins of the catechol group are still entirely unkn.iwu. 
As in the case of the proteins, it has been found necessary to (haj 
with the general properties of the tannins from the standpoint 
physical rather than organic chemistry. 

All tannins seem to have the proj)erty of precipitating gelatin fmni 
solution and of combining with the protein matter of hide lilHis, 
forming a compound resistant to washing. Any natural vegetal )1( 
material having this property in aqueous solution has generally lum 
accepted as tannin, and this has been made the basis for the varii ii> 
methods of determining tannin now in use. The portion of solnliK 
matter which neither combines with collagen to form a eomi>(.iirKl 
resistant to washing nor precipitates gelatin from solution is kiKtwn i. 
nontannin. 


The Gelatin-Salt Test for Tannin. 

In testing a solution for the presence of tannin, it is custoiiiai \ 
to add to it one drop of a solution made by dissolving lo grams ui 
gelatin and lOO grams of sodium chloride in a liter of water, a preeij)! 
tate or turbidity indicating the presence of tannin. This reaction has 
been the subject of numerous investigations for more than a cen(m\. 
Its sensitivity as a means of detecting tannin in solution has receiitlv 
been studied by Thomas and Frieden.^^ They found that the afldisi 
gelatin is completely precipitated when the ratio of gelatin to laimiii 
(loes not exceed 0.5 ; a great excess of gelatin prevents precipitation. 

Thomas and Friedeii studied the precipitation of tannin by gelatin 
at different pH values and concentrations of salt. Using a gelaim 
solution containing no salt, they obtained a maximum ])recipitation 
gallotannic acid, in pure solution, at a pH value of 4.4; at pH vallK^ 
below 4 or above 5, the solutions became opalescent, but no precipiintr 
formed, 'fhe effect of adding sodium chloride was to widen the raii,i;n 
of pH value over which a precipitate was obtainable; it appareml) 
had no effect upon the sensitivity of the test between the pH values 4 
and 5. Using various commercial tanning extracts, they found tli.u 
the optimum range for precipitation of tannin hy gelatin varied fr^'iii 
3-5 4-S» quebracho, wattle, and hemlock precipitating most readily ai 

pH values slightly above 4.0 and gambier, oak, and larch at value- 
slightly below 4.0. 

'Fhe limits of dilution at which tannin could be detected by mean- 
of the gelatin-salt reagent were found to depend upon the proximity 
of the solution to the optimum pH value for precipitation, whieii 
is different for each kind of extract, but apparently always lies between 
3.5 and 4.5. At the optimum pH value, gambier, the least sensitiw 
to the test, could be detected at a concentration of i part of tannin 
to 110,000 parts of water. Wattle, the other extreme, could be de 
tected at a dilution of i to 200,000. When the commercial extracts 

>*The Gelatin-Tannin Reaction. A. W. Thomas and A, Fricden. Ind. Eng Clum. 
(>923); (advance copy). 
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simply diluted with distilled water, no attention being j)aid 
j,, the final pH values, the sensitivity of the tests was greatly de- 
The least sensitive was then hemlock at i part in 6.5(X) and 
t!u‘ most sensitive was gambier at i part in 30,000. They also found 
that the age of the gelatin-salt reagent has no clYect on the sensitivity 
ni the test, provided bacterial action is prevented by means of toluene. 


The Determination of Tannin. 

Although a general discussion of analytic methods is outside the 
viope of this hook, the (juestion ot determining itinnin demands some 
.iiinition here because of its impurlance in leather cheinistrv and the 
! u t lliat the methods in common use do not determine the actual tannin 
o'litent of tanning materials, hut include as tannin a v.ariahle fraction 
111 iioiUannin, which, in the extreme case of gambier, is twice as great 
the tannin content itself. 

I 'or more than a century leather chemists have struggled with the 
ijuestion of determining tannin and numerous methods have been 
I'liiposed. Of these, the only one which has reallv survived is that 
known as the hide jMiwder method. I hit even this is used in dilTerent 
parts of the world with different modifications, h'or a review of the 
\arioiis methods projxised u]) to K^oS, the reader is referred to Ih'ocler’s 

1 k.‘" It will serve our purjiose here to give an outline of the 

"theial method of the American Leather ( hemists Association, which 
i> Minilar in principle, alth(High not in all d(‘tails, to those employed 
in \arious parts of Ihirope. 


A. L. C. A. Method ' 


American .Standard’ hide powder is sjieciallv prej)ared by giving it 
light tannage with chrome, alum, washing it practically free from 
""luhle matter, and squeezing it until it contains not less than 71 nor 
ii'i't'e than 74 jx^r cent of water. '\ he solution of tanning material 
lor analysis must contain not less than 0.37.S more than 0.42 
giam of tannin \ytv 100 cubic centimeters, as found by this method'. 
I " 200 cubic centimeters of this solution is added suVli an amount 
"1 the wet hide jxiwder as contains not less than J2.2 nor more than 
'2.(S grams of dry hide powder and the whole is shaken for 10 minutes. 
1 he detannized solution is separated from the j>owdcr by squeezing 
hirough linen and is then filtered tbrougb paj^T, after the addition 
"t kaolin, the solution being returned to the paper until the filtrate 
quite clear. The amount of residue from an aliquot portion of this 
'htrate, after correcting for the water introduced by the hide powder, 
Is taken as a measure of the nontanniii in the original material. 'Lhe 
difference between the total solulde matter and the nontannin is called 

M.eather Industries Ubijratorv U..ok. U. R. Procter. K. & I-. N. Spon, London (1908). 

I'or further details, see J. Am. Leather them. Assoc. i(t {1^21), 113. 
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tannin. The other determinations of the method need not concirn 
us here. 

It will be apparent from the discussion of the equilibria of pr.,, 
tein systems in Chapter 5 that the method involves two false as 
sumptions: one that the hide powder combines only with tannin; 
the other that the solution absorbed by the collagen jelly has the saniv 
concentration as that in the surrounding solution. It may be nuin 
tioned that the former assumption introduces errors vastly greattr 
than the latter. As long ago as 1903, Procter and Plockey showed 


TABLE XVII. 


Resums of Treatment of Pure Gallic Acid Solutions by A. T.. (' 

(Using 47 grams of wet hide powder (73 per cent water) to 200 c.c. 

Gallic Acid 

Nontannin 

Tannin 

Grams per liter 

Per cent 

Per cent 

8.88 

54.0 

46 0 

4.44 

47.1 

52.9 

2.22 

4 . 1-8 

56.2 

i.i I 

40.4 

50 b 


TABLE XVIIL 


Effect of AiTERtNc Proportion 

OF Hide Powder upon ANfouxT of 

Removed from 

[ A 0.888- Per ('ent 

Sor.UTioN. 

(Using principle of A. L. C. A. 

method.) 

Wet Hide Powder 



(73 per cent water) 

Nontannin 

Tannin 

Grams per 200 c.c. 

Per cent 

Per cent 

5 

91.8 

8.2 

10 

86.0 

14.0 

25 

69.6 

304 

SO 

52 . 1 

47.9 

75 

43.7 

563 


that hide powder removes from solution considerable amounts of sikIi 
nontannins as gallic acid, quinol, and catechol. Wilson and Kern 
showed this even more strikingly by subjecting pure solutions (^f 
gallic acid to the A.L.C.A. method of tannin analysis. By varying; 
the concentration or the proportion of hide powder, practically an\ 
results desired could be obtained. Tables XVII and XVIII sliuw 
that the A.L.C.A. value for tannin decreases with increasing concen- 
tration of the solution and increases with the proportion of hide 
powder. Using a solution of i gram of gallic acid per liter, the 
method indicates a tannin content for the sample of about 60 per 
cent, even though it contains none at all. 

’^Absorption of Non-Tanning Substances by Hide Powder and Its Influence on tlif 
Estimation of Tannin. H. R. Procter and F. A. Blockey. J, Soc. Chem. Jnd. 22 (1903). 
48a. 

’•The Nontannin Enigma. J. A. Wilson and E. J. Kern. /. Am. Leather Chem. Assoc. 
13 ( x 9»8), 4^9. 
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Wilson-Kem Method. 

With the object of avoidinj^ the palj^ahle errors of the A.L.C.A. 
method, Wilson and Kern set out to devise a method tliat would 
determine exactly what is called for in the practical definition of 
tannin, namely, that portion of the soluble matter of vei^etahle tanninj^ 
materials which will precipitate gelatin from solution and which will 
I, inn compounds with hide fiber which arc resistant to washing. The 
■irinciple of their method is to shake a convenient amount of the 
iannin solution with a known quantity of imrilied hide powder until 
all tannin has been removed from solution, as determined by the 
^ilat in-salt test. The tanned powder is then washed free from soluble 
matter including the nontannin removed from soliitiqn by the hide 
|K.\v(ler, which is responsible for the large errors in the A.L.C.A. 
method. It is then carefully dried and analyzed for tannin as in the 
regular procedure for vegetable-tanned leathers, and from this figure 
[he jx-r cent of tannin in the original material may readily be calculated. 

In order to show the workability of this method, Wilson and Kern 
e lected 8 typical tanning materials showing great differences in prop- 
erties, especially in so-called astringency. 'I'lie solid (juel)racho ex- 
iraet and the four litpiid extracts of oak bark, larch bark, chestnut 
woiul, and osage orange are typical samples of the l)est of these ma- 
terinls on the American market. The gambier is the ordinary pasty 
liicduct from the h'.ast Indies; the sumac, consisting of ground leaves 
small .twigs, is from Palermo; and the hemlock bark came from 
the forests of Wisconsin. The extracts were simply dissolved in hot 
water, cooled slowly, and made up to the mark. The bark and sumac 
were finely ground and leached by percolation, only the extracted ix)r- 
lions being used after making up to a definite volume. In each test, 12 
grams of hide powder (of known hide substance content) were put 
into a wide-mouthed, rubber-stopj)crcd, half-pint bottle, the tanning ma- 
terial dissolved in 200 cubic centimeters of solution was added, and 
the whole was shaken in a rotating box for 6 hours. 

riie amount of material that could be used was limited by the 
amount of tannin that the hide powder was capable of taking up in 
hours. On the other hand it was desirable not to use too little, 
^iiK'e the less the amount of tannin fixed jx?r unit of hide sub- 
stance, the less the accuracy of the method, since the tannin was 
determined by difference. Whenever the liquor, after the 6-hour shdk- 
"ig, gave a turbidity or precipitate with the gelatin-salt reagent, the 
test was repeated with less material. 

The tanned powder was washed by shaking with 200 cubic centi- 
meters of water for 30 minutes, squeezing through linen, and re- 
peating the washing operation until the wash water showed no color 
and gave no test with ferric chloride solution. Nontannins like gallic 
acid give a dark coloration upon the addition of ferric chloride solu- 
Except for the osage orange and chestnut wood extracts, which 

kVrn* Tanning Value of Vegetable Tanning Materials. J. A. Wilson and E I 

J. Jnd. Eng. Chem. 12 (1920), 465. ‘ 
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j[(. uinisiial in several resi)ects, not more than I2 washinj^s were rc- 
ijuned to free the powders from nontannin, which shows that the line 
,if demarcation between tannin and nontannin is fairly sharp for the 
^niiitnoner materials. The wash water continued to extract coloring; 
, natter from the powders tanned with osajje oran^^e until after the 
liitieth washing, while as many as 25 washings were required to free 
(he powders tanned with chestnut wood from soluble matter producing 
a dark color with ferric chloride. All wash water was tested with the 
-clat in-salt reagent, but in every case the test was negative. 

d he washed powders were dried at room temperature for 24 hours 
Ml' longer and then analyzed for water, ash, fat and hide substance. 
1 hi‘ ixT cent of hide substance was taken as the per cent of nitrogen 
iimltiplied by 5.62. The difference i)etwecn 100 and the sum of the 
j^rrtntages of water, ash, fat and hide substance was taken as the 
IK! cent of tannin in the tanned powder. The parts of tannin per 
i(*o {>arts of hide substance divided by the parts of tanning material 
ihcd per part of hide substance gave the per cent of tannin in the 
i iiginal material. The results for the <S materials examined arc given 
in irijdicatc in Table XIX. 

Comparison of A. L. C, A. and Wilson-Kern Methods. 

rhe two methods just de.scribed give very dilTerent results. A 
rare fill comparison is therefore desirable, especially since it will assist 
111 giving a better understanding of the vegetable tanning process and 
"1 what is ordinarily called tannin. It should he remembered that the 
L^reat majority of tannin values (juoted in the literature were obtained 
tither by the A.L.C.A. method or by some method based upon similar 
piineiples. The Wilson-Kern method is still too new to have found 
general acceptance. 

TABLE XX. 

Percentage Analysis of Materia! Per 


VVils»)n- eenlage 

A. L. C. A. Method Kern JTror in 

Insolulde Soluble Matter Method .A.L.C ..A 
Material Water Matter Nontannin 'I'annin Tannin Method 

U'ahraclio 17.87 7.16 6.f/) 68.01 47.41 4.4 

L' lnlock Bark 8.(X) 74-3.^ >0.06 6.17 6.4 

Bark 52.66 3.68 1046 24.20 12.88 88 

harch Bark 51.08 5.88 20.()0 22.14 11.7 1 80 

nicstmit Wood.... 58.90 i.50 13-80 25.80 11.90 117 

^'”riac 9.25 47.20 17.99 25.56 9.61 166 

Orange 46.05 3.45 10.63 39.87 13.37 198 

51.12 5.36 18.57 24.95 7.79 220 


For the sake of comjxirison, Wilson and Kern analyzed the 8 
materials they studied by both methods and the results arc given in 
1 able XX. The percentage error in the A.L.C.A. method is cal- 
^ailated on the assumption that the results of the Wilson-Kern method 
■‘rc correct. Although the enormous errors in the A.L.C.A, method 
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TABLE XXL 

Effect of Variation in Amount ok Hide Powder Used upon Per Ckm uk 
Tannin Obtained by A. L. C. A. Method. 


Grams 

Material per Liter 

Quebracho 3 


Hemlock Bark 20 


Oak Bark 


4.11 


Larch Bark 4.37 


Ciiestniit Wood 15 


Sumac 


4 


Osage Orange 8 


4.58 


Wet Hide Powder 



(73 percent 

Apparent 

Pernnia;^, 

water) Used to 

Per cent of 

iTr'.r 

Detannize 200 cc. 

Tannin by 

l)lU‘ 1-, 

Tan Liquor 

A. L. C. A. 

A. L.C \ 

Grams 

Metliod 

.Mcth., 

93-3 

68.18 

44 

46.7 

67.56 

4 .^ 

26.7 

6)6.61 

40 

13-3 

64.36 

.V> 

6.7 

57-56 

21 

93.3 

10.98 

78 

46.7 

10.60 


26.7 

9.76 

;,S 

13-3 

9-35 

5 J 

6.7 

7.98 

-'4 

93-3 

25.02 

')4 

46.7 

24. 5() 

')i 

23-3 

24.01 

S(, 

1 1.7 

22.0() 

7 j 

5.9 

18.77 

46 

93.3 

28.TO 

l,}n 

46.7 

2452 

10(; 

233 

21.97 

88 

1 1.7 

19.10 

6.^ 

5-9 

16.24 

39 

93-3 

26.87 

126 

45.7 

25.80 

117 

26.7 

24.59 

107 

23-3 

23.52 

o<S 

16.0 

22.49 

89 

93-3 

24.98 

160 

46.7 

25.05 

161 

23.3 

24.47 

155 

1 1.7 

23.45 

144 

5-9 

21.45 

123 

93.3 

40.48 

203 

46.7 

39.47 

195 

26.7 

38.21 


13.3 

36.27 

17 1 

9.3 

35.67 

167 

93.3 

29.04 

273 

46.7 

25.60 

229 

233 

22.56 

190 

II.7 

17.22 

I 2 I 

5-9 

13.38 

72 


Gambjer 



Apparent Percent 
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art' nothing short of sensational, they are probably not at all exag- 
tinted. But the extent of these errors is less surprising in view of 
i\]c large proportion of such nontannins as gallic acid that appear as 
laiinin by the A.L.C.A. method, as shown in Tables XVII and XVIIl. 

The need for arbitrary limits in the A.L.C.A. method was clearly 
shown by the gallic acid experiments, but was more strongly em- 
phasized by similar exj)eriments upon actual tan liquors. 1'he cflect of 
altering the proportion of hide powder with solutions of the 8 tanning 
materials is shown in Table XXI and in Figs. 88, 89, and 90. In Figs. 




Orams Wet Hide Powder Grams Wet Hide Powder 

per 200 o«o* Tan Liquor per 800 o»o. Tan Liquor 


I'lr.. 88. — Effect of variation in 
amount of hide powder used upon 
the determination of tannin by 
A.L.C.A. method. 


h'lG. 89. — l^ffect of variation in 
amount of hide powder used upon 
the determinal ion of tannin by 
A. L. C. A. method. 


'^8 and 89 the short, vertical lines are placed at points on the curves 
corresponding to the smallest amount of hide powder that would 
Completely detannize the solutions under the conditions of the A.L.C.A. 
method, as determined by the gelatin-salt test. The crosses indicate 
die points corresponding to the quantity of hide powder called for 
in the A.L.C.A. method. The zero points represent the percentages 
'd tannin found by the Wilson-Kern method and the broken portions 
nf the curves are extrapolated. 

No scientific reason has ever been given for the selection of the 
I>articular amount of hide powder called for in the A.L.C.A. method, 
-p far as the principle of the method is concerned, any of the values 
siven in Table XXI might be accepted as correct, since the solutions 
^vere completely detannized in every case. This should be borne ix\ 
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mind when employing figures for tannin appearing in the literatui, 
which have been found by this or similar methods. 

As would be expected, the greatest errors in the .\.I..C.A. nicili,,,! 

are obtained with those inatciiaK 
containing the greatest proixini.,,, 
of nontannin to tannin. Quebrarl ,, 
having least nontannin, gives tla 
smallest error. However, if the .juc- 
bracho is mixed with gallic acid tn 
make the proportion of nontaiiiini 
to tannin aliont the same as in ihr 
case of the gambier, it gives erims 
nearly as great as in the case ot th.- 
gambier, which is .shown in 'fahK 
XXII. 

Comjiarison of the two iiietliiKK 
has broiiglu out at least one fai t nt 
jiractical significance: Those 111,1 
terials which give the least errur- 
!)y the A.L.C.A. method are nio^t 
astringent, while those giving greai 
c.st errors arc least astringent. Tin 
order of the materials in Table N X 
might almost be taken as the order 
of decreasing stringency, althnneli 
an exact parallelism cannot Ik 
claimed. (Juebracho and heiiil<Kk 
bark arc generally conceded to be the most astringent and sumac and 
gambier the least astringent of these materials. This suggested a reiati' i 

TABLE XX If. 

Mixtuuk of Qufbracho Extract and (jallu: Acid. 

Wet ffidc 

Powder Percentage Analysis of Mixture of 5 

(73 per Parts of Qiichraclio P'xtract to 9 Percentage Error in 

cent water) Parts of Dry Gallic Acid A. L. C. .A. Mctlmd 

Used to 


Detannize 
200 cc. 


A. L. C. A. Method 

Wilson- 

Kcrn 

Alone 

In Pres- 
ence of 

Tan Liquor 


Insoluble 

Soluble Matter 

Method 

(from 

Gallic Gami)a 

Grams 

Water 

Matter Nontannin Tannin 

Tannin Fig. 90) 

Acid Alone 

93.3 

5.80 

306 

3387 56.37 

16.93 

44 

233 27.? 

467 

5.80 

3-96 

37.14 53.10 

16,93 

43 

214 22') 

23.3 

580 

3.96 

44-07 46.17 

16.93 

39 

173 190 

n .7 

5.80 

396 

53.39 36.85 

16.93 

33 

II8 I 2 I 

5.9 

5.80 

3.96 

63.34 26.90 

16.93 

18 

59 /2 


between astringency and the ratio of nontannin to tannin. Astringeiic} 
appears to be a function of the rate of combination of tannin an<l 
protein. In the experiments listed in 'fable XIX, the hide powder 



CtramB Wet Hide Powder 
per 200 0 , 0 , Tan llqnor 

P’ic. (X>.— Effect of variation in amount 
of hide powder used upon the error 
involved in determining tannin by 
the A.L.C.A. method. 
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fixed more than twice as much tannin from the quebracho liquors in 
- hours as from the gambier liquors in 6 hours. But, when enough 
.Villic acid was added to the stronger quebracho liquors to give them 
die same ratio of nontannin to tannin as in the gambier, the hide 
powder did not remove anywhere nearly all the tannin in 6 hours, 
['poll addition of the gelatin-salt reagent to the liquors after the 
o-hour shaking, huge precipitates were formed, suggesting a great re- 
diiction in astringency. That the effect was only one of slowing 
up the tanning action was proved by the fact that the hide powder was 
ahlc to detannize the solution completely in 24 hours. This also ex- 
jtlains the mild action of tan liquors which have been used a great 
many times and have consequently accumulated a large amount of 
iiontannin. 

riie [xilemics following the jniblication of the Wilson-Kern method 
served to stimulate investigations of the projierties of tanning ma- 
terials. At the 17th annual meeting of the American Leather Chemists 
Association a formal discussion of the Wilson-Kern method was 
staged, and the chief aim of the opjxisition was apjiarently to show 
diat the low results obtained were due to losses of tannin in the manipu- 
lation. It was contended that a certain projiortion of the tannin of a 
li(|uor will form a stable comixmnd with hide only after long contact, 
and, further, that even tannin which has already combined with the 
hide [X)wder will be removed to an appreciable extent during the wash- 
ing re(}uired by the Wilson-Kern method, but no substantial evidence 
was offered in su[)j)ort of these contentions. 


Effect of Washing. 


C ertain differences in behavior of the several different tanning 
niatcrials have caused a widespread belief that some tannins form 
more stable compounds with skin that others; for example, the tannin 
from gambier is supixjsed to form a compound with skin less stable 
than that from hemlock bark. It has also been supposed that mixtures 
"f tanning materials behave differently in this resi)ect from the 
mdividual materials. 

Wilson and Kern made a careful study of the possible losses of 
tannin during the washing oi)eration involved in their method and came 
to the conclusion that any such loss was too small to have any effect 
ttpon the determination. Table XXIJI shows that practically the same 
results are obtained for a great variety of tanning materials, whether 
the tanned hide powders were washed 15, 25, or 50 times. Theoretically, 
tanning may be reversible, but the rate of hydrolysis is so small as 
to have no bearing on the Wilson-Kern method, which holds equally 
'veil for both mild and astringent tanning materials. 

^ in full, J. Ant. Leather Client. As.foc. 15 (1920), 451. 

. Mature of the Hide-Tannin Compound and Its Bearing upon Tannin Analysis. J. A, 
">lson and E. J. Kern. J. Ind. Ung. Client, u (1920), 1149. j ^ 
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TABLK XXIII. 

P>KECT OF Excessive Washing of the 'Fanned Hide Powder upon thk 1'k, 
Cent of Tannin Found by the Wilson-Kern Method. 



Extract 

Hide 

Substance 
in Powder 
Used to 
Detannizc 

Per cent Tannin in 
Extract. Value Obtainnl 
from Analysi.s of 


Grams in 

200 cc. 

Tanned Powder Washed 


200 cc. 

Solution 

15 

25 

50 

Extract 

Solution 

Grams 

Times 

Times 

TiiiKs 

Quebracho 

3.80 

10.44 

46.84 

47.25 

dh.of) 

Gambier 

10.00 

10.44 

7.87 

7.89 

7 -C 

Gambier-qucbracho mixture 

♦.... 6.90 

10.44 

20.67 

20.34 

20.43 

Chestnut wood 

13.60 

10.32 

...t 

13.99 

Hemlock bark 

1300 

10.32 

2347 

23.38 


Chestnut wood - hemlock 
mixture t 

bark 

13.30 

10.32 

...t 

18.73 


Oak bark 

13.60 

10.40 . 

iS -52 

15.36 


Larch bark 


10.32 

— t 

11.29 

Il.jS 

Sumac 


10.39 

16.36 

16.29 

16.30 

Wattle bark 

8.00 

10.32 

24.66 

24.16 

24 - 7 .i 


Mixture of 10 parts solid quobraclio extract to 50 of gamhicr extract, 
t Mixture of 68 parts of chestnut wood extract to 65 of hemlock hark extract. 

I Calculation not made because isth wash water gave test for nontannin with fcit 
chloride. 


Conversion of Nontannin into Tannin. 

In criticizing the Wilson-Kern method, Schultz said, “Wc liaw 
taken the nontannins and washings and reconcentrated them under a 
high vacuum to the original volume of 200 cc. and have tanned hide 
powder with it, and, by the calculations employed, we have foiiiid 
a definite percentage of tannin.’’ lie mentioned also that the con- 
centrated liquor gave a positive test for tannin with the gelatin-salt 
reagent. It might look at first sight as though the detannized liquor 
and wash waters, before concentrating, really had contained tannin 
and Schultz evidently so regarded it. Wilson and Kern confirmed 
Schultz’s experimental finding while analyzing a sample of gambier 
extract by their new method. The detannized liquor and 15 wash 
waters, all of which gave no test with the gelatin-salt reagent, wen- 
concentrated to 200 cubic centimeters, whereupon they were found t" 
give a bulky precipitate with the reagent. But, when diluted back 
to 3200 cubic centimeters, they still gave a bulky precipitate with the 
gelatin-salt reagent, showing that a most important chemical change 
had taken place during the concentrating. 

Another sample of gambier was analyzed by the new method and 
found to contain 7.94 j^r cent of tannin. The detannized liquor and 
17 wash waters, 3600 cubic centimeters in all, were evaporated to 250 
cubic centimeters, analyzed by the new method, and found to contain 

” (Discussion), /. Am. Leather Ptem. Asfoc. 15 (1920), 455, 
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; parts of tannin ikt too of original extract, giving the extract a 
ii.tal of 13.50 F*" ‘^^ent tannin. The detailed results are given in 
laMc XXIV. 

TABLE XXIV. 


Gambier Extract. 


I wD hundred cubic centimeters of solution conlaining 9.00 Krams of extract 
ut re detannized with 12 grams of air-dry hide powder, containing 10.40 grams of 
l„,lo sul)stance, and then the tanned powder was washed 17 times with a total of 
cubic centimeters of water. The residual Ihiiior and wash waters were evapt) 
ratcil to 250 cubic centimeters and used to tan u grams of fresh hide powder, 
which was afterwards washed as usual. 


Analysis of Air-Dry, Tanned Powder 

Water 

Ash 

Fat (chloroform extract) 

Hide substance (N x 5.62) 

Tannin (by difference) 

Per 100 grams hide substance: 

Tannin found, grams 

Material used, grams 

Per cent tannin in extract 


Hide Powder Tanned in 


Original 

ConciMitratcd 

Solution 

Wash Waters 

17.31 

1().24 

0.16 

0.14 

0.39 

0.4.’ 

76.86 

70.18 

5.28 

J.8.> 

6.87 

4.81 

86.54 

86..S4 

7-94 

550 


Total tannin, either originally present or formed during the concentrating 
"f the wash waters, 13.50 per cent. 


In order to show that this increased amount of tannin would have 
eoinhined with the hide j^owder had it heen present in the original 
Milution, Wilson and Kern made up a new solution of this extract, 
( "Hccntrated and diluted back several times, and then analyzed it hy 
tlic new method, finding 12.69 tannin. If the concentrating 

Had been continued a little longer, the figure 13.50 would prol)al)ly 
Have heen reached or passed. The results are slmwn in Table XXVH 

TABLE XXV. 

Gambier Extract. 

(Same as noted in Table XXIV.) 

Dissolved 6000 grams of extract in l liter of water. Concciilratcd to J50 
ciihic centimeters and diluted l)ack to i liter. Repeated 3 times, the fourth lime 
I'bitmg to 2 liters. Two hundred cubic centimeters of diluted solution, containing 
grams of original extract, were detannized with 12 grams of air-dry hide 
l'"''(ler containing 10.37 grams of hide substance, which was afterwards wadied 
• " usual, 

ANALYSIS OF AIR-URV TANNED POWDUr. 

Water 18.23 

Ash 0.18 

Fat (chloroform extract) 0.42 

Hide substance (N x 5.62) 75.62 

Tannin (by difference) 5.55 

Per TOO grams hide substance: 

Tannin found, grams 7.34 

Material used, grams 57.86 

Per cent tannin in extract 12.69 



228 THE CHEMISTRY OF LEATHER MANUFACTURE 


In spite of the great cliange in the tan liquor produced by cun 
centrating, it is not shown to any appreciable extent in the analyses 
by the A.L.C.A. method shown in Table XXVI. Concentrating the 
tan liquor and diluting back caused a rise in per cent of tannin hy 
the new method from 7.94 to 12.69, A.L.t . \. 

method is only from 26.14 to 26.40, which difference is so small as 
even to be attributable to experimental error. 1'he reason for this 
small difference is probably that the nontannins which are convertible 
into tannin all combine with the hide powder initially, even thonith 
they are easily removed later by washing. 

TABLE XXVI. 

Gambikr Extract. 

(Same as noted in Table XXIV.) 

Both the original liquor noted in Talde XXIV and the specially IomimI 
liquor noted in Table XXV were appropriately diluted and analyzed by ilii 
A. L. C. A. method. 

Per Cent of Original Extract 



Original 

Treated 


Liquor 

Liquor 

Insolul)le matter 

7.66 

8.62 

Nontannin 

1 8-33 

17.57 

Tannin 

26.14 

26.40 


Just what chemical actions are involved in the conversion of imn 
tannin to tannin must remain a matter for speculation until inme 
data are available; oxidation, condensation, and polymerization nia\ 
all be involved. It is conceivable that gallic acid might be convertc'! 
into digallic acid under suitable conditions, and it seems extrenHl\ 
likely that a polymerized form of digallic acid would have tannini; 
properties. A solution of pure gallic acid gives no test for tannin, 
but Wilson and Kern found that after boiling for some time it gives 
a bulky precipitate with the gelatin- salt reagent, and will then ap 
parently tan skin. A detannized solution, which gives no test f'>r 
tannin, can be made to give a strong test merely by ixissing oxygen 
gas through it. Long exposure to air has a similar action. It is e\i 
dent that the Wilson-Kern method furnishes a valuable means <>t 
studying the conversion of nontannin into tannin, and might conceivabl\ 
be applied to a study of the formation of tannin in nature and to the 
aging of barks. 

Effect of Aging. 

The conversion of nontannin into tannin is apparently responsible 
for two factors of great importance to tanners of heavy leathers, 
namely, the time factor in tanning and the aging of leather. In 
the A.L.C.A. discussion referred to, Alsop remarked that sole leather 
tanned slowly not only contains more tannin, but actually consumes 

” Loc. cit., p, 464. 
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l^^ss tanning material than the rapid tannages. In a private communi- 
cation to the author, H. R. Procter has called attention to the fact that 
leather stored for a long time, or aged, before washing contains more 
tannin than if it had been washed immediately after tanning. A 
number of critics have said that the Wilson-Kern method is weak 
Ijecause it does not include as tannin all of the material that can be 
made to combine with hide substance by aging. Tliis argument, how- 
ever, is weak because the Wilson-Kern method offers a very satis- 
factory means of studying the aging proi)erties of different tanning 
materials. An application of the method to such a study is shown 
in Table XXVI 1 for ten commercial extracts or mixtures thereof. 


TABLE XXVJI. 

Lffect of Aging oroN Per Cent of Comhinki) Tannin in Leather. 


Three 12-grani portions of hide powder were used to detannize 200 cubic 
ccnlinieters each of the solutions of tanning materials noted in Table XXllI. 
One portion in each case was washed 25 times immediately after tanning and 
the other two were allowed to dry without washing. Of these one was kept 


t vactly 30 days and then wa 

shed 25 times; the other was 

kept just I 

year and 

then washed 25 times. 






Tannin a: 

5 Per Cent 

of Original 

Extract 


W 

>y Wilson-Kern Method 



In 

In 

In 



Leather 

Leather 

Leather 



Washed 

Kept 

Kept 



Immediately 30 Days 

I Year 

By 


after 

before 

before 

A.L. CA. 

Extract 

Tanning 

Washing 

Washing 

Method 

Oil eh radio 

47.25 

53.00 

54.59 

60,87 

L ambler 

7 - 8 y 

10.40 

13.13 

25.61 

< lambier-quebracho mixture. 

20.34 

23.02 

25.34 

33.22 

t bestnut wood 

13.99 

18.02 

18.36 

25.70 

Hemlock bark 

23.38 

24.87 

254 '» 

26.68 

t hestnut wood-hemlock bark 

mixture 18.73 

20.45 

21.25 

25.64 

< kik bark 

i 5 . 3 '< 

17.23 

20.08 

26.10 

barch bark 

11.20 

13.22 

18,73 

22.96 

Sumac 

16.20 

' 7.04 

17.'/) 

25.51 

\\ attle bark 

24.16 

25.89 

26.61 

33-55 


It is interesting to note that in no case does aging for an en- 
tire year raise the tannin value to a point as high as that given by the 
A.L.C.A. method. Aging the gambier-tanned powder for a year raised 
ibe tannin content to about the same value as is produced by merely 
concentrating the liquor before tanning, as indicated in Tables XXIV 
•nid XXV. The change taking place upon aging is probably of the 
;'‘'ime nature as that described above as the conversion of nontannin 
i’Ho tannin. 

In the manufacture of vegetable-tanned upper leather, the effect 
»'f aging is probably not very marked. In actual practice, Wilson and 
Kern found barely 50 per cent as much tannin in the leather coming 
trom a certain upper leather yard during a 3-year period as was put 
nuo it, according to the analyses by the A.L.C.A. method of the 
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extracts used. About half of the tannin seemed to be mysterioiblv 
disappearing until they applied their new method to the control of 
the yard and found that the amounts of tannin used and those fouiKi 
in the finished leather then checked easily within the limits nf 
experimental error. 

In the manufacture of sole leather, one would expect the q\Uxu 
of aging to be much mor§ pronounced. It seems reasonable to suppusc 
tliat the Wilson-Kern method could be applied to a sole leather yard 
by keeping the tanned powders in the dried state for a sufficient Icnyih 
of time before washing to correspond to the conditions under which 
the sole leather was kept. That the A.L.C.A. method is no more 
reliable for heavy leather work than for upper leather is indicated hv 
the following figures which have been made available to the authoi : 
Of 100 lbs. of tannin, as determined by the A.L.C.A. method, that 
enter the leach house, only 39 lbs. apix*ar as combined tannin in the 

finished leather. Losses in the 
spent tanning material, wa>tc 
liquors, and water soluble matter 
from the leather were determined 
only by the A.L.C.A. method, hut 
even with all this taken into con- 
sideration, there remains a lar^c 
loss that can be accounted loi- 
only on the assumption that the 
A.L.C.A. method gives results 
much too high. 

Effect of pH Value. 

Thompson, Seshachalam, and 
Hassan made a preliminarv 
study of the effect of adding acetic 
and hydrochloric acids to extract" 
of quebracho, mimosa, mangrove, 
gambicr, myrobalans, chestnut 
wood, and oak wood and found 
that the addition of small amount" 
of acid affected practically all oi 
the determinations made. Fig. 91, taken from a paj^er by Wilson and 
Kern,^® shows how the determination of tannin, by both the A.L.C.A. 
and the Wilson-Kern methods, is affected by change of pH value. 'Hi' 
latter method gives a practically constant value over the wide range 3d> 
to 7.3. Where the falling off in per cent of tannin occurs at pH value" 
higher than 7, indicated by the broken line, the results should not be con 
sidered as found by this method l)ecause in each case the residual solu- 
tion gave a test for tannin, by the gelatin-salt test, whereas the method 
specifies that the determination is to be discarded whenever such a test i^ 

“Influence of Degree of Acidity on the Tannin Content of Solutions. F. C. Thomps'ii 
K. Seshachalam, and K. Hassan. J. Soc. Leather Trades Chem. $ U921), 389. . 

“Effect of Hydrogen-Ion Concentration upon the Analysis of Vegetable Tanning * 
terials. J. A. Wilson and E. J. Kem. J. Ind. Eng. Chem. 14 (1922), 1128. 
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luG. oi.—EfTect of pH value upon 
the (Icterniinatioii of tannin in a 
sample of quebracho extract. 
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obtained. The values obtained were included in the curve in order to 
show the effect of pH value on the rate of tanning. 

Modified Wilson-Kem Method. 

In order to meet the demand for a simpler method, W^ilson and 
Kern tnodified their method as follows : Standard hide powder is' 
further purified by washing with water to free it from soluble matter, 
then dehydrating with alcohol, then soaking in two changes of xylene’, 
aiul then drying. The tan liquor is filtered, as in the A.L.C.A. 
method, and only the soluble [K)rtion used, too cubic centimeters kdng 
shaken with 2 grams of purified hide ])owder for () hou'rs. Tfiie’ 
tanned powder is allowed to wash over night in a specially designed! 
j)ereolator and is then dried and weighed. 1'lie increase in weight 
of the dry powder represents the weight of tannin in the too cuImC 
centimeters of solution used. Wilson and Kern compared the modified 
and original procedures of their method and found that they give 
practically identical results for all ordinary extracts, h'or further 
details, the original pai)ers should be consulted. 


Potential Difference of Tannin Solutions. 

Ill Chapter 5 it was pointed out that the stability of a colloidal 
dispersion is determined less by the absolute value of the electrical 
charge on the particles than by the electrical dilTerence of potential 
between the film of solution wetting the particles and the hulk of the 
surrounding solution. In the Procter- Wilson theory of tanning, to 
he discussed in Chapter 13, the astringency of a tan liijuor in prac- 
tice is assumed to be a function of the potential dilference between 
the solution immediately in contact with the tannin particles and the 
hulk of the tan liquor as well as of the potential difference between 
the tan liquor and the collagen jelly. Grasser studied the electro- 
chemistry of tannin solutions, but obtained confusing results of rather 
doubtful value, which may be due to his failure to control or measure 
tile hydrogen-ion concentrations of the liquors. 

Thomas and Foster were more successful. Using the U-tube elec- 
trophoresis method described by Purton,'”*' they succeeded in measur- 
ing the potential differences of tannin solutions under different con- 
ditions. Table XXVllI shows a series of values obtained for tan 
liquors made from 8 typical tanning materials. Jt is interesting 
to find gambier, the mildest tanning material, with the lowest ix)tential 
difierence and quebracho, the most astringent, with the highest poten- 
tial difference. The order of decreasing conductivity of these solutions 

'*Tiie Determination of Tannin. J. A. Wilson and K. J. Kern. J. I ml. ling. Chem. 13 

772. 

■‘ Electrochemistry of Tannins. G. Crasser, iollcgium (i<>2ol, 17, 40, .277, 332. 

The Colloid Content of Vegetable Tanning Extracts. A. W. 1 hunias ami S. B. Foster. 

Ind. Eng. them. 14 (1922), 19 1. 

, Physical Properties of Colloidal Solutions. K, F. Piurton. Longmans, Green & Co , 
'^■ndon U916). 
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was sumac, gambler, oak bark, larch bark, hemlock bark, chestnut 
wood, osage orange, quebracho. It is evident that the potential differ- 
ence is not a simple function of the conductivity, but is infiuenced 
by the kind as well as the amount of electrolyte present. 

TABLE XXVIII. 

Potential Differences of Tannins from Different Sources. 


Grams Potential 

Total Soluble Difference 

Extract Matter per liter volts 

Gambier (cube) 187 — 0.005 

Oak bark 17.0 —0.009 

Chestnut wood 17.8 —0.009 

Hemlock bark 16.7 —0.010 

Sumac 19.6 —0.014 

Larch bark 19.5 —0.018 

Osage orange 137 — 0.018 (?) 

Quebracho ii.o —0.028 


If the absolute value of the electrical charge on the particles re- 
mains constant, according to the theory given in Chapter 5, the i)otential 
difference at the surface should decrease with increasing concentra- 
tion of electrolyte, or increase with decreasing concentration. Thomas 
and Foster found that the potential difference of solutions of quebracho 
extract actually does increase with decreasing concentration, as shown 
in Table XXIX. The addition of acid decreases the value of the 
potential difference by lowering the absolute value of the electrical 
charge, which holds true for negatively charged dispersions in general. 
This is shown in Table XXX. 

TABLE XXIX. 

Potential Differences of Solutions of Quebracho Extract. 


Concentration 

Potential 

Grams Dry Solids 

Difference 

per liter 

volts 

32 

— 0.024 

16 

— 0.028 

8 

— 0.029 

4 

— 0.030 

TABLE XXX. 

Effect of Addition of Acid. 

(16 grams of solid quebracho extract per liter.) 

: N HCl added per liter 

Potential Difference 

cubic centimeters 

volts 

0 

— 0.024 

10 

— 0.014 

15 

— 0.010 

20 

approx. 0 


The effect of dialyzing a tan liquor is to lower the concentration 
of electrolyte, which we should expect to increase the potential dif- 
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lerence. The values in Table XXXI show that this actually occurs, 
iltliough part of the increase may be attributed to dilution. 

TABLE XXXI. 


Effect of Dialysis. 



Grams Extract 

Hours 

Final 

Potential 

DilTerence 

I'.xtract 

in 250 cc. 

Dialyzed 

Volume cc. 

volts 

Quebracho 

4 

()0 

415 

— 0 . 03.1 

Usage orange 

4 

24 


— 0.024 

Sumac 

4 

24 

d(H) 

— 0.026 

(lambier 

8.2 

24 


— 0.021) 

Hemlock bark .... 



24 


- - 0.024 


Isoelectric Points of the Tannins. 

Thomas and Foster later extended their investigations in an at- 
tempt to determine the isoelectric points of tannins from dilYerent 
^()urces. The various tanning extracts were dissolved in a citrate 
hntTer mixture having a pH value of 2.0 and the solutions were finally 
adjusted to the desired pH values by means of the hydrogen electrode, 
riie buffer was apparently necessary to eliminate, or delay, the scc- 
niulary actions, such as diffusion of the boundaries and change of re- 
action of the extracts due to electrolysis, which behavior had nullified 
previous experiments. 

Between the pH values 2.5 and 2.0, the direction of migration of 
tlie tannin particles changed from anodic to cathodic in solutions of 
the extracts of oak bark, hemlock bark, wattle bark, sumac, and 
ganibier. In the case of quebracho, there seemed to be no movement 
iti the U-tube at the pH values 3.0 or 2.5, but at 2.0 the movement 
seemed to be slightly cathodic. Quebracho was precipitated by the 
butfer and only the clear, supernatant liquor could be used, which may 
acc(jiint for the inability to obtain more definite results. 

lintil they are located more definitely, the isoelectric ixiints of 
tlie tannins may be accepted as lying between the pH values 2.0 and 2.5, 
at least those of hemlock, oak, and wattle barks, sumac, and gambier. 


Precipitation of Tan Liquors. 

In the hope of throwing some light upon the colloidal nature of the 
lannins, Thomas and Foster studied the action of various electrolytes 
uiKjn a great variety of tan liquors. Aqueous solutions of different 
tanning extracts were made up so that 100 cubic centimeters of solu- 
ti<jn contained 4 grams of solid matter. The solutions were made at 
'^ 5 '^ C., cooled to 25°, and then adjusted to final volume. The stock 
solution was then centrifuged for 5 minutes at 1000 times gravity in 

**Thc Electrical Charge of Vegetable Tannin Particles. A. VV, ll.om.'is and S. U. 
loster. Ind. Eng. Chem. (xgaa); (advance copy). 
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order to throw clown coarse suspended matter. Portions of 25 nihii- 
centimeters were put into lOO-cubic centimeter, graduated oil tuhes 
Then 25 cubic centimeters of the electrolyte were added, the soluticiN 
were allowed to stand for 15 to 30 minutes for precipitation tn start 
and were then centrifuged for 5 minutes at 1000 times gravity. 1 ho 
volumes of the precipitates were recorded and plotted against the 
concentrations of electrolyte employed. 

The results may be most conveniently studied by grouping thnn 
under the names of the various electrolytes used. Pach availahh* ex 
tract was not tested with all electrolytes because, in some cases, pre- 
liminary experiments indicated that further work would be fruitless 

Monovalent Cations. 

Potassium chloride. Concentrations of potassium chloride ikhh 
0.02 to 4 molar gave only negligible amounts of precipitate with gainhit r 
and quebracho. Oak bark gave a gradually increasing salting out elUvt 
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Fig. 92.— Precipitation of Tannins by 
1 lydrocliloric and Phosphoric Acids. 


FfO. 93.— Precipitation of Tannins by 
Sulfuric Acid. 


Since gambier and quebracho represent extreme types of tanning ex 
tracts, no further tests were made with this salt.* It must be borne 
in mind that the solutions to which the neutral salts were added were 
made simply by dissolving the extracts in distilled water and had i>ll 
values in the vicinity of 4.5. 

Hydrochloric acid. Concentrations from o.oi to 6 molar were 
used, (iambier and quebraclio gave large amounts of precipitate onlv 
at high concentrations of acid and, since this was not a simple colloid 
jweeipitation, no further experiments were attempted. A salting out 
effect was obtained with oak bark. (See Fig. 92.) 

Sulfuric acid. Quebracho, hemlock bark, oak bark, and larch bark 
gave progressively increasing amounts of precipitate with increasing 
concentration of acid, as shown in Fig. 93. No precipitate was ob 
tained with sumac until molar concenti'ation was reached, when gummy 
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were thrown down, similar to those obtained with aliimimiin 
sultate. At 4 molar concentration, a flocculent precipitate was formed. 

phosphoric acid. Gambier bei^n to give an appreciable precipitate 
,,nlv at 4 to 7 molar concentration. With sumac a gummy mass was 
threwn out at 2 molar, as was observed upon the addition of sulfuric 
Hid and aluminum sulfate, and at 4 to 7 molar a flocculent precipi- 
i'lte formed which left the supernatant solution almost *colorless. 
( luebracho was progressively salted out. (See Fig. 92.) 

Acetic acid. Experiments with quebracho, sumac, gambier, and 
,,ak bark were run with concentrations of acid from 0.005 to 4 molar, 
ihere was no appreciable precipitation in any case. At the higher 
onu'cntrations the sus[)ended matter began to dissolve. 

Formic acid. Concentrations from 0.005 to 12.5 molar were used. 
Sutiiac, chestnut oak bark, larch bark, gambier, and hemlock bark 



1 ic. 04.— Precipitation of Tannins by Fk;. 05. -Precipitation of Tannins 
Formic and Lactic Acids. by Ibirium Chloride. 

eave no precipitation up to 4 molar, at which concentration the sns- 
1 'ended matter began to dissolve, yuebr.acho and ([uercitron bark W(‘re 
I'lecipitated, but the precipitate redissolved at from 2 to 4 molar. 
I Sec Fig. 94.) , , , 

Lactic acid. Concentrations from 0.005 to 2 molar were employ i‘d. 
I lie effects of this acid were similar in kind, but not in degree, to 
ibose with formic acid. (See P'ig. 94.) The precipitates with que- 
bracho and quercitron redissolved at lower concentrations of lactic 
iban of formic acid. Since lactic is the weaker acid and since this 
r^dissolving was not found with hydrochloric or sulfuric acids, the 
^‘bect must be due to chemical proi')erties other than those of the 
hydrogen ion. This is an important point to consider in the chemical 
^"Htrol of tan liquors. 


Divalent Cations. 

Barium chloride. On account of the limit of solubility, this salt 
employed up to only 0.5 molar. The salting out effect is shown 
I'ig. 95. 
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Calcium chloride. Concentrations up to 2 molar were used. 
with barium chloride, increasing amounts of precipitate were obtains] 
with the different tanning materials used, as shown in Fig. 96. At the 
same concentration of these salts the different extracts gave in sr.nip 



Conoentratlon of Calcium Chlorlda 


Fig. 96.~Precipitation of Tannins 
by Calcium Chloride. 



Concentration of Aluminum Sulfate 

Fig. 97.— Precipitation of Tannins hv 
Alumininn Sulfate. 


cases less, and in others more, precipitate, showing the presence of 
substances reacting with barium and calcium ions to form compounds 
of different solubilities. 

Trivalent Cation. 

Aluminum sulfate. In the pre- 
cipitation of negatively cliar.eeil 
colloidal dispersions, aluminum 
sulfate is not only a powerful pre- 
cipitant, but it also gives the "ir 
regular series” or “tolerance zone" 
which is typical of the action of 
weak base cation-strong acid anion 
salts, as shown by Buxton and 
Teague,-'*^ and by Freundlich and 
Schucht.^^ The concentrations oi 
aluminum sulfate used ranged 
from 0.00125 0-5 molar. 

The “irregular series” efteet 
was obtained with gambier, sumac, oak bark, and quercitron bark. 
Precipitation generally set in at 0.00125 uiolar concentration, ro-e 
rapidly to a maximum, dropped off into a “tolerance zone,” and then 
started upward again, as shown in Fig. 97. 

Those which gave no “irregular series,” at least up to 0.5 molar 
concentration of the salt, were osage orange, quebracho, camel cutcli. 
chestnut wood, chestnut oak bark, hemlock bark, and larch bark, sho^\ u • 

physik. Chem. $7 (1907), 76. 

8 s (1913), 641. ’ 
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Fig. 98.— Precipitation of Tannins by 
Aluminum Sulfate. 
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pH Value of Tan Liquor 

99 —Precipitation of Tannins of Quebracho Kxtract as a Ininction 
of pH Value. 

in l'i^^ 98. Precipitation started at 0.00125 molar and increasecl y;rad- 
iially to about o.i molar, where there was an abrupt upwaial trend 
similar to a salting out effect. These extracts are not so sensitive to 
I'lavijiitation by dilute solutions of aluminum sulfate as those shown 



pH Value of Tan Liquor 

loG. lOO.—Precipitation of Tannins of Gambicr Extract as a I'unction of 

pH Value. 
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ill Fig. 97. Bengal cutch seemed to be in a separate category, 
it was unaffected by the addition of aluminum sulfate. 

Hydrogen-Ion Concentration. 

1'he effect of hydrogen-ion concentration upon the precipitation 
solutions of quebracho, gambier, larch bark, and oak bark by sulturn 
hydrochloric, and formic acids is shown in Figs. 99, 100, 101, an,] 
102. Solutions of sumac, hemlock bark, and wattle bark were net 
precipitated by these acids with increasing acidity to pH 1. p j. 
evident that the volume of precipitate formed is not a function ni 
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loc;. 101. — Precipitation of Tannins of Larch Bark Extract as a Innictioii 
of pH Value. 


hydrogen-ion concentration alone, since the three acids give cur\cs of 
different shapes. 

Wherever a precipitate formed, the amount invariably increasoi 
with increasing hydrogen-ion concentration where hydrochloric and .sul 
furic acids were used. But an increasing concentration of formic acid 
dissolved the precipitate, or the suspended matter in cases where no 
precipitate had previously formed. 

The precipitates obtained with hydrochloric acid were found to 
be soluble in strong alcohol and in 9 molar lactic acid. On shaking 
up with water, these precipitates dispersed, but gradually settled out 
more or less completely in 24 hours. In the case of oak bark and 
quebracho, it was found that approximately two-thirds of the original 
solid matter present had been precipitated at pH = i. 
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When the pH value was increased hy the addition of sodium 
],^,lo'.\i(lc. there was increasing solution, clear licpiids hein^' obtained in 
j vd \ ease at pH = 8. The elteet of addinj^^ ealeiuni hydroxide, how- 
oer. is very different, as will he recalled fnun V\^. 87 of ChaiHcr 11, 



pH Value of Tan Liquor 

l i'.. loj. — Precipitation of Tannins of Oak Bark Extract as a iMinclioii of 
pH Value. 

At pi I values above 7.2 increasing amounts of precipitate are ol)tained 
with increasing pH value. 

Hie conduct of the extracts examined l)y 'I'homas and E'oster shows 
that tliey contain a large amount of colloidal matter of a ty|)c of disper- 
with proj)erties between those of the intermediate and hydro])hilie 
'hApersions. From the colloidal jxiint of view, vegetable tanning ma- 
terials furnish an almost unexjdorcd field; the work outlined in this, 
ehapter cannot be considered as more than a good start. 




Chapter 13. 

Vegetable Tanning. 

Raw skin is readily putrescible in the wet state. Upon drying;, tin 
collagen fibers become glued together and the skin becomes \cr\ stilt . 
Although the dried skin will not putrefy, it again becomes piitrcscihh 
as soon as it comes into contact with water. Thousands of yiarv 
ago the discovery was made that the properties of skin substance clian;^( 
completely when the wet skin is brought into contact with the acjueous 
extract of those forms of plant life which have since come t<» lx 
classed as vegetable tanning materials. The action which brings almui 
this change of proj^erties is known as vegetable tanning and the emii 
pound of skin protein and tannin as leather. Under normal eon 
ditions, the fibers of leather do not glue together upon drying and tlu\ 
are not putrescible even in the wet state. 

The practice of tanning is greatly complicated by the neces>it\ 
for endowing the leather with many delicate properties, accordiiv^ 
to the use to which it is to be put, all of which are markedly afhvtol 
by slight differences in manipulation. The effect produced by aii\ 
single change in the tanning process depends upon the nature of c\(r\ 
one of the numerous operations preceding and following that in wlmli 
the change has been made. In the manufacture of one type of leatlitr, 
a skin may be subjected to scores of different operations and a sliiihi 
change in any one of these may necessitate changes in nearly all of tlu 
others in order to preserve the specific properties desired in the finiMud 
leather. It is this fact that renders most practical treatises of leatlur 
manufacture of so little value to the tanner. Were he to try to ad"]'^ 
an operation described in the literature which was better in itself ibnn 
the one he was using, he might find that the change would si)oil bi> 
leather because of its failure to harmonize with all of the other oj)cra 
tions peculiar to his particular process. There are, however, certain 
broad principles of tanning which are followed generally. 

Two conditions may be accepted as essential to successful tanning: 
the first that the natural physical structure of the skin shall be changed 
but very little ; the second that the degree of tannage shall be as nearly 
uniform as possible throughout the skin. The second condition, in a 
large measure, is essential to the first. 

The physical means widely adopted to preserve the natural struc- 
ture of the skins during tanning is to suspend them freely from sticks 
with the heads hanging downward in the tan liquors, care being taken 
to see that the unhaired skin is free from creases or wrinkles, which 

240 
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would l)e i^rmanently fixed by the tannage. Usually the lower end 
,,f each skin is tacked onto a stick and the skin is then spread out 
carefully so that it hangs in its natural condition when immersed in 
(he (an liquor. The supporting stick rests upon a rectangular frame 
tjoating in the liquor. The skins are not subjected to any violent 
nieclianical agitation until the grain surface has been “set” by the 
(annage and the tannins have penetrated into the skin for a considerable 


distance. 

If skins from the beamhousfe were put directly into strong tan 
liquors of such reaction that the rate of combination of tannin with 
(he skin protein was abnormally great compared to the rate of dif- 
fusion of tannin into the interior of the skin, the tendency for the 
(.liter layers to assume an area different from that of the skin as a 
whole would cause a distortion of the skin that would be permanent. 
Ill sueli a case, the liquor is called very astringent. 'Phe fact is often 
,.\erlni^ked that the reaction of the solution previously absorbed by 
the >kin may be as important in bringing about this condition as the 
reaction of the tan liquor itself. In fact a given tan li([uor may appear 
\erv astringent to a pickled skin and yet very mild to a skin taken 
directly from the bate liquor. The distortion may show itself as coarse 
wrinkles, as the finer reticulation illustrated in I'ig. 48 of Chapter 5, 
nr merely as a rough grain surface. Since the.se <listortions greatly 
Inwer the value of the leather, everv effort is made to avoid them. 


d'he practical means adopted by the tanners to eliminate this danger 
!" to hang the skins from the beamhou.se first in a tan liciuor which 
lias been used to tan a great many lots of skins previously and in which 
the ratio of nontannin to tannin is very great, h'ach day the skins 
are then moved into stronger and fresher liquors until completely 
tanned. The effect of an increasing ratio of nontannin to tannin in 
the tan liquor is to increase the ratio of the rate of diffusion of the 
tannin into the skin to the rate of combination of the tannin with 
the skin protein. This has the obvious effect of making the rate of 
'"nihination more uniform throughout the skin, and consequently 
h'^seniiig the tendency towards distortion. The ideal process would 
the one in which combination was entirely prevented until the tannin 
^'a> uniformly distributed throughout the skin and then allowed to 
Koci'cd uniformly by a suitable change of reaction of the liquor. An- 
"thcr safeguard which tanners have been forced to ado])t, without 
ttnderstanding its mechanism, is so to regulate the reactions of both 
(he (an liquors and the solution absorl)ed by the skin proteins just 
to tanning that the tanned and untanned portions of the skin 
pJoicin do not tend to assume greatly different specific volumes. 

file progress of the diffusion of the tan liquor into the skin is 
^ ^tennined by cutting off a strip and observing the color of the freshly 
^Xjxjsed portion. The raw portion is white and the tanned layers 
dually a deep brown. When the tannin has penetrated almost to 
customary to take the , skins off from the 
In m known as handlers or layers. The name 

^’loler IS used when the skins are handled from vat to vat at fre- 
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quent intervals until completely tanned. The name layer is used 
for the vats in which heavy hides are laid away for long riods. 
during which the tannin diffuses very slowly into the interior. Although 
hardly more than a week is consumed in the diffusion of the tan li(|U(,r 
into a light skin, months are required in some processes of sole leatiKr 
manufacture. 

Where great solidity is required, as in sole leather, it is not sultu iem 
merely to convert all of the collagen into leather. The volume (if tlu- 
collagen fibers increases as more tannin combines with them. After 
the hides have l)ecome completely colored throughout, it is ciistomarv 
to treat them with very strong tan liquors with the object of 
as much tannin fixed as possible, and mechanical agitation of one 
kind or another is often employed. Usually the weight of sole kvithcr 
is further increased by the incorporation of glucose and magnr>iiiiii 
sulfate in the leather. 

The Structures of Tanned Skins. 

In the manufacture of leather for definite purposes, the choirt* n! 
the kind of skin is of the greatest importance. By varying the natun 
of the tanning process, the properties of the leather can be \aricd, 
but not sufficiently to make one kind of skin suit all purposes. A(l\:iii 
tage is taken of the variety of skins furnished by nature in order t" 
simplify the tanning process itself. 

Fig. 103 shows a vertical section taken from the butt of a >t(er 
hide tanned for sole leather. The natural solidity of this hide is "" 
great that a heavy degree of tannage would not have been neees>ar\ 
in order to jiroduce a leather suitable for shoe soles. This particular 
leather was heavily tanned with oak bark extract, but was not loaded 
with glucose and magnesium sulfate. 

A section of vegetable tanned calf skin is shown in Fig. 143 
Chapter 14, where it was put for direct comparison with chrome tanned 
calf made from part of the same skin. It is interesting to coiniiaic 
its structure after tanning with that of calf skin in the fresh state, 
shown in Fig. i(S of Chapter 2. The leather is typical of the ^ine^t 
grade of finished shoe upper leather. 

Fig. 104 shows a section of vegetable tanned sheep skin just a> 
it came from the tan liquors. Note the great contrast which it |ue- 
sents to the leather made from steer hide or calf skin. The holes and 
empty spaces left by the wool and glands give the leather a sjxin^U' 
ness that makes it unsuitable for many purposes. The upper layer 
is often split from the rest of the skin and used in bookbinding, t^r 
hat bands and for the linings of expensive shoes instead of cloth. 
Sheep skin leather is sometimes used as a substitute for kid leather in 
the manufacture of gloves, where its softness is an asset. The raw 
skin is shown in Fig. 28. 

Fig. 105 is a section of vegetable tanned leather from the butt, 
or shell, of a hor.se hide. This is finished leather ready for use in 
the manufacture of the uppers of heavy, waterproof shoes. The raw 
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at much lower magnification, is shown in Fig. 31. It will he 
that the leather has been split into layers through tlie portion 
known as the glassy layer, only the upper layer being used. The 
c(.mi>actness of the fibers in the bottom third of the leather makes 
it waterproof and almost airtight. Leather from this \mt of the horse 
hide is known as Cordovan. The section should be compared with 
l ig- 145 Chapter 14, which shows a section from the same butt 
which has been chrome tanned; the contrast is striking. 

The peculiarity of the horse hide is that this compact fibrous 
structure is found only in the butt, the rest of the hide being very 
lodsc in texture. Fig. 106 shows a section taken from the same piece 
(»t leather as that shown in Fig. 105, but from a ixunt further up 
the liack beyond the boundary of the glassy layer. Its softness and 
s|M)nginess has found for it a use in the manufacture of heavy 
loves. 

The section shown in h 1 g. 107 is that of a vegetable tanned hog skin. 
A section of the fresh skin is shown in I'ig. 30. When the flesh 
H<le of the leather was shaved to make it smooth, the bottom (d 
the pocket of the hair follicle was cut away, leaving the hole running 
right through the leather, as shown in the figure. This is typical 
of hog leathers; wherever there were bristles in the original skin, 
holes pierce the final leather. The roughness of the grain surface 
Ilf the leather gives it a place in the manufacture of saddles, football 
covers, purses, etc. 

Fig. 108 shows a vertical section of salmon leather taken directly 
from the vegetable tan liquors. It .should be compared with the 
section of fresh skin shown in Fig. 36. The gap in the upi)er portion 

the follicle once occupied by a scale. The structure of the leather 
makes it suitable for belt lacings. 

The raspy feel of certain kinds of shark leather is cx])lained by 
tile section shown in Fig. 109. Shark leather has recently been tried 
for shoe uppers, in which case the hooks are removed prior to tanning. 

1 he fibrous structure resembles that of other fishes. 

I'ig. no shows a vertical section of vegetable tanned alligator skin. 
Iliis type of leather finds an outlet in the manufacture of bags and 
^ases. Fig. in shows a section of leather made from the skin of a 
horned toad. Although these skins are very small, they make very 
I'lcttv doilies and fancy purses. In both the alligator and toad skins, 
tlu* fibrous structure resembles that of the fishes. 

A section of leather made from camel skin is shown in Fig. 112. 
h is remarkable for its compact structure, which would make it suit- 
'iWe for belting leather or for light soles. Figs. 113 and 114 show 
Portions of the section of a vegetable tanned walrus hide and Figs. 

and 116 show sections of the tanned hide of a hippopotamus.^ 

1 be most remarkable thing about these hides is their great size. The 
•letual thickness of the walrus leather was 24 millimeters and that of 
die hippopotamus leather 30 millimeters. In order to show the entire 

n hippopotamus, walrus, and camel leathers were very kindly furnished by Professor 

i^ouglas McCandlish of the University of Leeds, England. 






Fig. 103. — Vertical Section of Steer Hide Leather. 
(Sole leather.) 

Location: butt. Eyepiece: none, 

rhickness of section : 40 p. , Objective: 48-mm. 

Stain: none. Wratten filter: H-blue green. 

Tannage: vegetable. ' Magnification: 15 diameters. 
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Fig. 104. — Vertical Section of Unfinished Sheep Leather. 

Wation: butt. Eyepiece: none. 

Inickness of section: 30 p. Objective: i6-mm. 

^tam: none. Wratten filter: H-blue green. 

Tannage: vegetable. Magnification: 46 diameters. 
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Fig. 


Location: butt. 

Thickness of section: 20 u. 
Stain : Daub's bismarck brown. 
Tannage: vegetable. 


105.— VertiMl Section of Horse Leather. 

(Cordovan— from shell.) 


Eyepiece: none. 

Objective: i6-mm, 

Wratten filter: H-blue green. 
Magnification: 70 diameters. 
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Fig, io 6 .— Vertical Section of Horse Leather. 

(From spongy part of back near slicll.) 

I-ocation: back. Eyepiece: none. 

Thickness of section: 20 \i. Objective.* i 6 -nim. 

Stain : Daub’s bismarck brown. WTatten biter: ll-blue green. 

1 annage : vegetable. Magnification: 70 dianietcrs. 


247 




Fig. io7.-.Vcrtical Section of Hog Leather. 

Location; butt. t7, « • 
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Fig. io8. — Vertical Section 
Ideation: side. 

Thickness of section; 20 \i, 

.^tain; none, 
lannage: vegetable. 


of Unfinished Salmon Leather. 

Eyepiece T 5X. 

Objective; 

Wratten filter; B-green. 
Magnification; no diameters. 
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Fig. log.—Vcrtical 
Location: (?). 

Thickness of section : 50 |i. 

Stain : none. 

Tannage: vegetable. 


Section of Shark Leather. 

Eyepiece: 5X. 

Objective: i6-mm. 

Wratten filter: B-green. 
Magnification: 75 diameters. 
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Fig. no. — Vertical 
location: back. 

I liickness of section : 50 ji. 
.^tain: none. 

1 a image : vegetable. 


Section of Alligator Leather. 

Eyepiece: none. 

Objective: i6-mm. 

Wratten filter: G-yellow. 
Magnification: 45 diameters. 
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Fig. 1 1 2. — Vertical 

Location: butt(?). 

Thickness of section : 30 ti. 
Stain: none. 

I'annage: vegetable. 


Section of Camel Leather. 

Eyepiece: none. 

Objective: 32-mm. 

Wratten filter: B-green. 
Magnification: 30 diameters. 
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Portions of Vertical Section of Walrus Leather. 

Fig. 1 13.— Region of Grain Surface. 

Fig. 1 14.— Region 22 Millimeters Below Grain Surface. 

Location: butt(?). Eyepiece: 5X. 

Thickness of section: 40 ji. Objective: i6-mm. 

Stain; none. Wratten filter: G-yellow. 

Tannage : vegetable. Magnification : 68 diameters. 
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Portions of Vertical Section of Hippopotamus Leather. 
Fig. iiS.—Rcgion of Grain Surface. 

Fig. ii6. — Region 28 Millimeters Below Grain Surface. 

Luxation: butt(?). Eyepiece: 5X. 

Tliickness of section : 40 li. Objective: 16-mm. 

i^tain: none. Wratten filter: G-yellow. 

Tannage: vegetable. Magnification: 68 diameters. 
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thickness of the leather at 68 diameters, a picture about seven feet 
high would be required. 

The walrus must be very sensitive to touch, if we may 
from the highly developed papillae which protrude everywhere from 
the grain surface. In neither of these leathers were the roots of the 
hair removed and the fat cells surrounding the hair bulbs of the 
walrus were still intact as though the unhairing liquors had not pene 
trated that deeply. Except for the huge collagen fibers in the reticular 
layer, and the great size of the hide, the walrus hide resembles tliat 
of the common hog. It is interesting to compare the fibers of these 
leathers with those of the smaller skins, but the differences in 
magnification must be taken into consideration. , 

It has often been supposed that the tanning action consists of a 
coating of the skin fibers with tannin, but observations of sections 
under the microsco{)e indicate that this is not the case. The outer 
surfaces of the skin act as filters, permitting only the soluble matter 
to pass into the interior, where it subsequently diffuses into the suh 
stance of the fibers, which assume a uniform color throughout wlun 
tanning is finally complete. In finished leather, contrary to what secnis 
to be the general belief, we find no coating of the surfaces of the fibers 
nor any material precipitated in the s^m'es between them. 


Rate of Diffusion of Tan Liquor into Gelatin Jelly. 

The great length of time required to tan heavy leathers is due in 
the very slow rate of diffusion of the tannin into the interior of tlu: 
hides. Because of the difficulty of measuring the extent of ]x;ne- 
tration of tan liquors into raw hides, studies of the rate of diffusion 
arc usually made with tubes of gelatin jelly. Hoppensledt* notefi 
that different tanning extracts diffused into gelatin jelly at different 
rates, the order of increasing rate of diffusion being mangrove bark, 
quebracho, hemlock bark, algarobilia, valonia, oak bark, myrobalans, 
chestnut wood, gambier, divi-divi, sumac. 

Later Thomas showed that the rate of diffusion of tanning ex- 
tracts into gelatin jelly increases with the ratio of nontannin to tannin 
in the extract. For typical samples, he found the rate of diffusion 
increasing in the order quebracho, hemlock bark, larch bark, oak bark, 
chestnut wood, gambier, sumac, agreeing with the results obtained 
by Hoppenstedt. This is also the order for decreasing astringency of 
these materials, as ordinarily used. The same order is roughly borne 
out in experiments dealing with the rate of diffusion into cow hide. 

The action of nontannins in increasing the rate of diffusion of 
tannins into .skin may be explained as follows: Tannins and cer- 
tain nontannins form compounds with collagen, but the collagen-tannin 
compound is very stable, while the collagen-nontannin compounds arc 

‘Diffusion of Tannins through Gelatin Jelly. A. VV. Hoppenstedt. /. Am. Leather 
Cliem, Assoc. 6 (1911), 343, 

•• Order of Diffusion of Tanning Extracts through Gelatin Jelly. A. W. Thomas. /. Am. 
Leather Chem, Assoc. 15 (1920), 593, 
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^piisiflerably dissociated. The nontannins, haviiif^ a nmcli smaller 
niolecular weight than the tannins, diffuse more rapidly into the 
When the slowly moving tannin reaches a point where it would 
i^oinbitie with collagen, it cannot do so because the ix)int is already 
occupied by nontannin. Tannin that would otherwise have combined 
collagen near the surface of the skin is thus enabled to pro- 
ceed into the interior and the measured rate of penetration is thereby 
increased. This action is more marked the greater the concentratioti 
oi nontannin capable of combining with collagen. The collagen-tannin 
comiwund being much the more stable, tannin replaces nontannin as 
fast as the collagen-nontannin com|X)und liydrolyzes. 

According to the Procter-Wilson theory of tanning, to be dis- 
cii‘;sccl presently, the rate of tanning, and also of the combination of 
cdllagcn with certain nontannins, can be decreased cither by increasing 
t!i(> electrolyte concentration or by lowering the positive electrical 
charge which collagen possesses in acid solution, whicli can be accom- 
plished by decreasing the acidity. We should therefore expect the 
rdtistiluents of a tan liquor, both tannin and nontannin, to jx^netrate 
d<in more rapidly as the acidity of the tan hquor is decreased to the 
isfxdectric point of collagen. 

Thomas prepared a 5-per cent dispersion of gelatin in hot water 
(oiitaining o.T per cent ferric chloride and poured it into a series of 
test tubes to three-quarters of their capacity. When the dispersions 
had set to jelly, equal volumes of solutions of different extracts were 
p)urcd on top of the jellies, which were then placed in an ice box. 
All of the extract solutions were made to contain i per cent of dry 
siilid matter. Tannin and some nontannins react with ferric chloric 
i^iving very deep green or blue colors, which served to indicate the 
extent of the penetration. In 96 hours the gambier had jxmetrated 
I To millimeters as against only 4.8 millimeters by the quebracho. It 
was, of course, the extent of penetration by certain nontannins that 
was measured, as these diffuse more rapidly than the tannin. 

Wilson and Kern ® treated a large volume of a dispersion of gelatin 
ai dilute ferric chloride solution with tartaric acid until its pH value 
was reduced to 2.5, as determined by the hydrogen electrode. Equal 
pTtions were then treated with sodium hydroxide to give the desired 
|dl values, whith ranged from 2.5 to n.o. Dilutions were such that 
du; final dispersions contained 5 per cent of gelatin and o.i per cent 
ferric chloride, as in the experiments of Thomas. 

Solutions of gambier and quebracho extracts were treated with 
tartaric acid to give a pH value of 2.5. Equal portions were then 
treated with sodium hydroxide to give series of pH values the same 
in the series of jellies. Each final liquor contained i gram of solid 
matter of the original extract per 100 cubic centimeters. 

The gelatin dispersions were poured into test tubes and allowed 
^^et. Onto each was poured a given volume of tan liquor having 
the same pH value as the jelly. Both the quebracho and gambier series 

y ,, ’Effect of Change of Acidity opon the Rate of Diffusion of Tan Liquor into Gelatin 
' a- J. A. Wilson and E. J. Kern. /. Ind, Hug. Chem, 14 (192a), 45. 
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were run in duplicate. They were kept in the ice box and examin 
intervals for 96 hours. The extent of the diffusion of the tan li^ 
into the jellies is shown in Fig. 117, the measurements being tak^^ 
after 96 hours. In each case the duplicate series were practicall” 
identical, ' • 



Gambier, which has a lii<rh 
ratio of nontannin to tannin, Ik*. 
gins to penetrate at a pH value of 
3.0 and reaches its maximum rate 
at pH = 6.0. Quebracho, on the 
other hand, scarcely shows am 
penetration until pH m 4.7. tla 
isoelectric point of gelatin. 
reached. At pH values greater 
than 9, however, the quebraelii. 
liquor penetrates at the gre.ater 
rate, possibly because of its higher 
tannin content. 

Studies were also made of the 
effect of change of pH value upon 
the rate of diffusion of tan li()uors 
into cow hide. With increasing 
pH values up to about 8, there is 
a distinct increase in rate of (lit 
fusion, hut I)ecause of the flaccid 
nature of hide at pH = 8 it is dif- 
ficult to make accurate measure- 


ments of the rate of diffusion. At pH values below 3 and above 1 1 the 
hide swells considerably and becomes rubbery and distorted. 


Rate of Tanning as a Function of Time and Concentration of 

Tan Liquor. 


An extremely important series of investigations of the nature (d 
the vegetable tanning process has recently been begun by Thomas and 
Kelly, which promises to throw much light on the mechanism of this 
very complex process. Their first studies * were devoted to the ( f 
fects of time and concentration. In their preliminary experiments, po- 
tions of purified hide powder were shaken with definite quantities of un- 
filtered solutions of tanning extracts for stated lengths of time, washed 
free from soluble matter, and then analyzed for the purpose of deter- 
mining the amount of tannin combined with a unit of hide substance. 
In the more concentrated liquors, however, an error was introduced 
by the occlusion of insoluble matter by the hide powder, which was 
included as combined tannin because *it was not removed later hv 
washing. 


A Combination of Tannin with Hide Substnnro 

Advance Fixation of Tannins by Hide Substance. Ibt4. 
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In their most recent work, Thomas and Kelly adopted a method 
nractically identical with the modified Wilson-Kern method of tannin 
described in Chapter 12, except for the fact that no attempt 
made to detannize the various solutions completely. All tan 
liqnors were centrifuged and filtered and only the clear filtrates used 
in the exi^eriments. The use of filtered liquors with hide powder gave 
results which were more uniform and which probably represent actual 
tanning conditions more closely, since the surfaces of the whole skin 
act as filters, permitting only the soluble matter to come into contact 
with the great bulk of the skin protein. 



OraiBp aiolid Katttr ptr Lit«r 

I'K.. 1 18. — Rate of Tanning as a 
1 unction of the Concentration of 
Ian Liquor. Time, 24 hours. 



3rama Solid Hat Ur ptr Littr 

Fig. 119— Rate of Tanning as a 
Function of the Concentration of 
Tan Liquor. Time, 24 hours. 


Portions of purified hide ix>wder equal to 2 grams of anhydrous 
substance were shaken with 100 cubic centimeters of tan liquor of 
the desired concentration and for fixed intervals of time. The powder 
''as then washed until the wash water no longer gave a dark color 
'jpon the addition of a drop of ferric chloride solution. It was found 
that the ferric chloride test is capable of detecting i part in 75,000 
either gallic acid or pyrogallol. The powders, freed from soluble 
tjiatter, were dried in a current of warm air and then completely 
in the oven. The increase in weight of the absolutely dry ma- 
terial was taken as the amount of tannin fixed by 2 grams of hide 
pnvder. 

bigs. 1 18 and 119 show how the rate of tanning varies with in- 
crcasmg concentration of solutions of quebracho, hemlock bark, larch 
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bark, gambier, oak bark, and wattle bark extracts. The mild action 
of gambier, as contrasted with the astringency of quebracho, j. 
graphically shown by the steep rise of the quebracho curve com;)ar((| 
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pH Value of Tan Liquor 

Fig. 120.— Rate of Tanning as a Function of pH Value. 


with that of the gambier series. It is remarkable that all extracts 
give curves of similar shape and having points of maximum at the 
relatively low concentrations ordinarily used in practice. Thomas and 
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Kelly showed definitely that the rise and fall in the curves cannot be 
attributed to variations in hydrogen-ion concentration, but is due to 
the increasing concentration of the other constitutents of the tan liquors. 



pH Value of Tan liquor 

Fig. 121.— Rate of Tanning as a Function of pH Value. 


One explanation given for the appearance of points of maximum 
the curves is that the rate of combination of tannin and hide sub- 
'^tance increases so rapidly, with increasing concentration of tan liquor, 
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that it soon reaches a point where the surfaces of the hide fibers quickly 
become so heavily tanned that they are rendered less permeable tu 
the tannin remaining in solution. The interior of the fibers are thus 
prevented from tanning so rapidly, which accounts for the smaller 
amount of tannin fixed by the hide powder in the stronger solu- 
tions. Another explanation is furnished by the work of Thomas and 
Foster,® who observed that the electrical difference of potential at 
the surface of tannin particles decreases with increasing concentration 
of tan liquor. This would lessen the attraction between the tannin 
particles and the protein jelly and thus cause a decrease in the rati 
of combination. This seems the more probable explanation because 
a greater rate of diffusion of tan liquor into skin is obtained in 
practice by using more concentrated solutions. The curves represent 
the resultant of two effects: the increasing concentration of tannin 
tends to cause an increase in the rate of tanning and the increasiin,^ 
concentration of nontannin tends to cause a decrease in the rate df 
tanning. The point of maximum represents the point at which the 
effect of the increasing concentration of nontannin becomes greater 
than that of the tannin. 

These curves are in agreement with the findings of a number oi 
investigators that highly concentrated tan liquors are very much les> 
astringent than those of moderate concentrations. In practice, the 
degrees of astringency of tan liquors seem to follow curves similar 
to those in the figures. The use of concentrated liquors in tanniiUs^ 
has been suggested by Seymour-Jones ^ and by Enna,® but the idea 
seems not to have been widely adopted, probably because it introduces 
complications in the later processes not easily overcome without some 
loss in quality of the finished leather. 


Rate of Tanning as a Function of pH Value. 


Thomas and Kelly® next turned their attention to the effect of 
the pH value of tan liquors upon the fixation of tannin by hide 
substance. The procedure adopted was the same as in the studies <'t 
the effect of concentration. In each case the pH value of the tan 
liquor, as determined by the hydrogen electrode, was adjusted to the 
desired value by the addition of sodium hydroxide or hydrochlorii 
acid. Figs. 120 and 121 show the effect of change of pH value on 
the rate of the tanning of hide powder by solutions of quebracim. 
gambier, oak bark, wattle bark, hemlock bark, and larch bark ex 
tracts. The curves contain a mine of information that requires care fid 
study. 

The most elaborate set of curves is that for hemlock bark extract. 


• The Colloid Content of Vegetable Tanning Extracts. A. W. Thomas and S. B. Foster 
/. Ind. Ene. Chem, 14 (1922), 191. 

^ Rapid Tanning of Sole Leather. Alfred Seymour-Jones. J. Soc, Leather Trades Chcni. 
1 (1917), 2. 

* Rapid Tannage. Fini Enna. Ibid., i (1917), 36. 

•The Hydrogen-Ion and Time Factors in the Fixation of Tannins by Hide Substance. 
A. W. Thomas and M. W. Kelly. Ind. Eng. Chem. (1923); Dissertation, Miss Margaret >> 
Kelly, Columbia University, 1923. 
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u hi'ch may be discussed as typical. In the concentration exi>eriments, 
a tan liquor containing 24 grams of solid matter per liter gave a much 
greater rate of tanning than one containing 80 grams liter, but 
the curves in Fig. 121 show that this is dei)endent upon the pH 
value ; at pH = 5, the more dilute solution tans at the greater rate, 
while at 2 and at 8, the more concentrated solution tans at the greater 
rate. 

In tanning for 24 hours, there is a steep rise in all curves to the 
left of pH = 5, which is exactly what one would ex[)ect, knowing 
that the positive electrical charge on collagen increases as the pH 
\alue falls from the isoelectric point and that the tannins are nega- 
tively charged at pH values higher than 2. In some cases a falling 
off in rate of tanning as the pH value drops below 2 is noticeable, 
but it must be remembered that the great tendency for collagen to 
swell and to hydrolyze at high acidities makes it difficult to get reliable 
(lata at pH values as low as 2. 

The most curious parts of the curves are those between the pH 
values S and 8. Since tannin particles are negatively charged in this 
region, the question that naturally arises is the possibility that the 
collagen may become increasingly positive with rise of pH value from 
5 to about 8. This might seem an absurd view were it not for the 
two points of minimum plumping of calf skin found by Wilson and 
(iallun and shown in Fig. 73 of Chapter 9. Here it was suggested 
that collagen undergoes a change of form, ix)ssibly an internal re- 
arrangement, in passing from an acid to an alkaline solution and that 
the two points of minimum, at pH == 5.0 and at pH = 7.7, represent 
the isoelectric points of the two forms. We may refer to collagen 
stable in acid solution as form A and collagen stable in alkaline solu- 
tion as form B. As the pH value is increased from 5.0 to 7.7, if 
the conversion of form A into form B proceeds at a greater rate than 
the formation of negatively charged ions of form A, then we should ex- 
l)ect the net charge on the collagen structure to become increasingly 
positive, which would result in an increased rate of tanning. 

The question was raised in discussion as to whether any fixation 
of tannin actually took place at pH values below 2 and above 8. In 
all of the experiments described, .the powders were washed with dis- 
stilled water immediately after being taken from the tan liquor. Dis- 
tilled water usually has a pH value of about 5.8, due to dissolved 
carbonic acid, and this would tend to make the pH value of the solution 
absorbed by the collagen jelly approach the value 5.8 before it was 
all washed out and the observed fixation of tanning might have occurred 
during the washing rather than during the shaking with tan liquor. 
Thomas and Kelly showed, however, that fixation actually does take 
place at pH values below 2 and above 8. 

They prepared a solution of wattle bark extract containing 40 
grams of solid matter per liter and hydrochloric acid to bring the pH 
value to 0.87. Four portions of hide powder were tanned with this 
solution for 24 hours in the prescribed manner and then two were 
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washed with distilled water and two with a hydrochloric acid solu- 
tion having a pH value of 0.87 until no more tannin could be ex- 
tracted. The latter two were then washed free from hydrochloric 
acid with distilled water. The two powders washed with the and 
solution were found to contain an average of 0.739 gram tannin emn- 
bined with the original 2 grams of hide powder against 0.987 gram tai; 
nin for the powders washed with distilled water. This shows that. al 
though washing with distilled water causes an increase in conihiiud 
tannin found, there is actually a fixation of tanning taking plan- at 
pH = 0.87. 



pH Value of Tan liquor 

Fig. 122.— Showing the Rate of Tanning as a Function of pH Value and al-<' 
the Effect of Washing the Tanned Powders with Buffer Solutions havirn.: 
the Same pH Value as the Tan Liquor Used in Tanning. 

They then prepared two series of solutions of hemlock bark ex- 
tract, containing 24 grams of solid matter per liter and having pH 
values ranging from i to 10, as determined by the hydrogen electrode. 
Portions of hide powder were tanned in each series for 24 hours 
in the prescribed manner and then the powders of one series were 
washed with distilled water, while those of the other were washed 
free from soluble tannin with solutions having the same pH valiie.s 
as the liquors in which the powders were tanned. For pH values 
of 4 or less, the solutions used for washing contained only hydro- 
chloric acid; for pH values from 5 to 9, they were made from M/15 
sodium phosphate adjusted to the desired pH value with HCl or NaOH ; 
for pH = 10, a solution of sodium hydroxide was used. The final 
washing was done with distilled water. The results are shown in 
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Fig. 122. The two curves are not identical, but show plainly that 
tannin combines with hide substance at all pH values from i to 10. 
Where a buffer solution was used to wash the hide powder tanned 
at pH = S, a greater fixation of tannin occurred. Salts at low con- 
centration have the property of increasing the fixation of tannin at 
pi I =: 5, as will be shown later. 

Stability of the Collagen-Tannin Compound at Different pH Values. 

While studying the action of solutions of acid and alkali upon leather 
previously freed from water soluble matter, Wilson and Kern*^^ 
found that tannin was extracted by dilute solutions of alkali, but not 
of acid. In an attempt to locate the pH value at which the collagen- 
tannin compound begins to hydrolyze, they performed the following 
cx|)eriment. A large amount of purified hide tx)wder was tanned with 
quebracho extract at a pH value of 4.6, washed free from all soluble 
matter with distilled water, and then dried. Seven large reservoirs 
of buffer solutions were prepared by making up solutions of tenth- 
molar phosphoric acid with sodium hydroxide to produce the pH values 
5» 6, 7> 8, 9, 10, and ii, respectively. Eight-gram portions of the tanned 
|X)wder were put into Wilson-Kern extractors and extracted with 
4 liters of buffer solution, taking just 6 hours for all of the solution 
to percolate through the tanned powder. Each portion was extracted 
with a solution of different pH value. The extracted powders were 
washed free from buffer solution with distilled water and were then 
dried and analyzed for comparison with the original powder. All 
extracts were brought to a pH value of 4 and then tested for tannin 
with the gelatin-salt reagent. The buffer solutions extracted only 
negligible amounts of nitrogen from the tx)wders. The results are 
shown in Table XXXII. 


TABLE XXXII. 


Analyses of Tanned Hide Powder Before and After Washing with 
Solutions of Different pH Values. 


Before 

washing 

Ash 0.2 

Hide substance (Nxs.62).. 84.2 

Tannin (by difference) 15.6 

Per cent of total tannin ex- 
tracted 

iest for tannin in extract 


After washing with solution of pH® 

5 6 7 8 9 10 II 


0.4 

0.5 

0.4 

0.6 

0.3 

0.5 

0.4 

839 

83.9 

83.9 

84.2 

84.7 

84.(> 

85.3 

157 

15.6 

157 

15.2 

15.0 

14.6 

143 

none 

none 

none 

2.6 

3.8 

6.4 

8.3 

ncg. 

neg. 

neg. 

pos. 

pos. 

pos. 

pos. 


Leather tanned at pH = 4.6 is apparently resistant to hydrolysis 
l^y solutions having pH values up to some point between 7 and 8, 
but is at least partially hydrolyzed, and with increasing speed, as the 

Stability of the Hide-Tannin Compound at Different pH Values. J. A. Wilson and 
J. Kern. Presented before the Leather Division of the American Chemical Society, Sept. 
1922. 

“For description, see J. Ind. Eng. Chem. 13 (1921), 772. 
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pH value is increased above 8. This adds some weight to the 
gestion that 77 represents the isoelectric point of one form of coll-Kr, ! 
But, taken m conjunction with the finding of Thomas and Kellv th , 
collagen and tannin form stable compounds at pH values greater tin, 
8, It also sup^rts their view that the collagen-tannin compound forrnH 
m all^hne solution is different from that formed in acid solution, which 
will be made clearer when their later experiments are described 


Effect of Neutral Salts upon the Rate of Tanning. 

Ihe effect of the concentration of sodium chloride or sulfate uixm 
the rate of tanning of hide powder by solutions of gambier and liL- 



2 5 6 


pH Value of Tan liquor Before 
Adding Sodium Chloride 

Fig. I23.-Effect of Sodium Chloride 
^d pH Value upon the Rate of 
Tanning. Time, 24 hours. 



pH Value of Tan Liquor Before 
Adding Sodium Sulfate 


Fig. 124. — Effect of Sodium Sulfate 
and pH Value upon the Rate oi 
Tanning. Time, 24 hours. 


lock extracts, at different pH values, has recently been studied l)\ 
Ihomas and Kelly. In each test, loo cubic centimeters of tan liqnnr, 
a weighed amount of salt, and the equivalent of 2 grams of water-free 
hide powder were put into a bottle and shaken, in a rotating box. 
for 24 hours. The contents were then transferred to a Wilson-Kern 
extractor, filtered and washed until the washings gave no coloration 
with ferric chloride solution. The tanned powders were then drie<l 

weighed, the increase in weight of tlm 
dry powder being taken as tannin fixed. ® 
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In order to guard against including as fixed tannin any matters 
rendered insoluble by the added salt, blanks were run leaving out the 
hide powder and corrections were made where necessary. 

The insoluble matter of the extracts was first removed by centri- 
fuging strong solutions, which were then diluted to contain 40 grams 
of solid matter of the tanning extract per liter, after adjusting the 
pH value to 2, S, or 8, by addition of hydrochloric acid or sodium 
iivdroxide. 

The effect of sodium chloride is shown in Fig. 123 and that of 
sodium sulfate in Fig. 124. At pH == 2, both salts retard tanning 
to a very considerable extent, although sodium sulfate is always much 
more effective in this respect than sodium chloride. In each case the 
extent of the retardation is greater the higher the concentration of 
salt. At pH = 8, the action of the salts is similar, but less pro- 
nounced. At pH = 5, the action is still less pronounced and is even 
reversed by concentrations of sodium chloride less than twice molar, 
which seem to cause an increase in rate of fixation of tannin. 

The marked reduction in the rate of tanning at pH = 2 exerted 
l)y the salts is probably due primarily to the reduction of the electrical 
differences of ix)tential between the collagen jelly and the liquor on 
the one hand and between the liquor and the surface film surrounding 
the tannin particles on the other. The potential difference between 
collagen jelly and liquor is probably at its maximum value in the 
vicinity of pH = 2 and, consequently, the depressing action of salt 
should be greatest at this point. According to the Procter- Wilson 
theory of tanning, a diminution in this potential difference must result 
in a decrease in rate of tanning. The greater effect of sodium sulfate 
may be attributed to the divalent sulfate ion, as explained in Chapter 5. 

With the decreasing potential difference between the liquor and 
the surface film of solution in contact with the tannin particles, there 
would be an increasing tendency for the tannin particles to form 
aggregates and finally to precipitate out, further decreasing the rate 
of combination of tannin with collagen. 

The effect of hydration of the added salt is to remove water from 
the role of solvent, as explained in Chapter 4, and this would cause 
a virtual increase in concentration of tannin. Thomas and Kelly point 
out that opposed to this, within certain limits, would be the tendency 
for the salt to cause an aggregation of the particles of tannin. These 
opposing actions may explain the behavior of sodium chloride at 
pH = 5. At this point the potential difference l)etween the collagen 
jelly and the liquor would be near its minimum value and hence would 
he but little affected by the salt. The effects of hydration and of 
aggregation would therefore be much more pronounced at this point, 
and Thomas and Kelly suggest that the increase in rate of tanning 
by molar and half-molar sodium chloride may be due to the hydration 
effect and the decrease in rate of tanning by the stronger sodium 
chloride solution and the sodium sulfate solutions to the aggregation 
factor. They are continuing their studies of the action of salts upon 
the vegetable tanning process. 
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Degree of Plumping of Skin as a Function of Concentration of 
Acid and Salt in Tan Liquors. 

Tanners of heavy leathers usually attach much importance to the 
degree to which the skin is swollen, or plumped, during the tannin^^ 
operation. It is generally assumed that greater yields of leather arc 
obtained when the skin is tanned in a highly plumped condition. Jf 
the plumping by means of acid is carried to excess, however, the skins 
will be ruined. The first sign of danger in this direction ts a wrinklin-^^ 
and reticulation of the grain surface of the skin. A rapid tanning of 
the surfaces of the skin follows, rendering them almost impermeable to 
the tannin remaining in solution, and the fibers in the interior remain 
raw and swell considerably, assuming a glassy appearance. If left 
long in this condition, especially in warm liquors, the collagen hydrolyzes 
and the skin is damaged beyond hope of recovery. 

TABLE XXXIII. 

Degree of Plumping of Calf Skin Produced by Tan Liquor Containing ^5 
Grams of Oak Bark Extract Per Litfj< and Lactic Acid and 
Sodium Chloride as Shown in the Table. 


Moles per Liter 

Gauge Readings in 

MM. 

Final 

Lactic 

Sodium 

(average of triplicates) 

pll Value 

acid 

chloride 

Initial 

I'inal 

Ratio * 

at 25‘' C. 

None 

None 

1.346 

2.150 

1. 60 

4.63 

0.0025 

“ 

I.4II 

2.343 

1.66 

3.94 

0.0050 


1.383 

2.699 

1.95 

3-74 

0.010 


1.433 

3.842 

2.68 

3-47 

0.025 

** 

1.470 

4.564 

3.10 

3.05 

0.050 

<( 

1.360 

4.497 

3.31 

2.81 

0.100 


1.434 

5.100 

3.56 

2.52 


0.05 

1.456 

4.522 

3.11 

2.49 

« 

O.IO 

1.458 

3.918 

2.69 

2.47 

(( 

0.25 

1.461 

3.483 

2.38 

2.43 

n 

0.50 

1.420 

2.182 

1.54 

2.37 


* This is a measure of the degree of plumping. 


Wilson and Gallun^® studied the effect of acids and salts upon 
the plumping of calf skin in tan liquors, using their method, which 
is described in Chapter 8. The effect of lactic acid and of sodium 
chloride upon the degree of plumping of calf skin in a solution of oak 
bark extract is shown in Table XXXIII and in Figs. 125 and 126. 

For this experiment a piece was selected from the butt of a calf 
skin, after liming, unhairing, and washing, of as nearly uniform thick- 
ness as possible and cut into squares having a side of about 2 centi- 
meters. These were delimed by washing with several changes of 
o.oi -molar hydrochloric acid containing 10 per cent of sodium chloride, 
then kept over night in a saturated solution of sodium bicarbonate 
containing 10 per cent of sodium chloride, washed thoroughly, and 

Direct Determination of the Flumping Power of Tan Liquors. J. A. Wilson and 
A. F. Gallun, Jr. Ind, Eng. Chem. 15 (1923), 376. 
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linally bated for 5 hours at 40° C. in a solution of i gram per liter 
of pancreatin, having a pH value of 7.6. The pieces were then washed 
for 24 hours in running tap water and were kept under distilled water 
in a refrigerator at 7° C. until used. The resistance to compression 
of each piece of skin was measured by means of a Randall & Stickney 
thickness gauge with a flat, metal base, upon which the piece of skin 
was placed, and a plunger, having a circular base i square centimeter 
in area, capable of pressing on the surface of the skin under constant 
pressure. The gauge reading was taken, in every case, exactly two 
minutes after dropping the plunger onto the skin. 



sis 3^0 4^0 ils 

pH Value of Tan Liquor 


I'ic. 125— Effect of pH Value of Tan 
Liquor upon Degree of Plumping 
of Calf Skin. 



Molos Sodium Chlorldt por Lltor 

Fig. 126.— Effect of Sodium Chloride 
upon Degree of Plumping of Calf 
Skin in 'Pan Liquor Acidified with 
Lactic Acid. 


Eleven tan liquors were prepared as indicated in Table XXXI 11 . 
The gauge readings of pieces of the standard skin were taken and they 
were then shaken with water to bring them back to their normal shape, 
after being compressed in the gauge. They were then put into the tan 
liquors and allowed to remain there for 24 hours at 20® C. The final 
gauge readings were then taken. In each case 3 pieces of skin were 
put into 100 cubic centimeters of tan liquor and the agreement be- 
tween the triplicate determinations was satisfactory. The degree of 
plumping caused by the liquor is measured by the ratio of the final 
to the initial gauge reading. 

The actions of the acid and the salt are not exactly the same as 
they would be in pure water, but are complicated by the tanning action 
the liquor, which decreases the swelling power of the skin. The 
general tendency of the acid, nevertheless, is to swell the skin and the 
action of the salt to counteract this swelling. 

McLaughlin and Porter made a rather interesting study of the 
change in weight of dimed steer hide during immersion in tan liquors 

On the Swelling and Falling of White Hide in VcRctablc Tan Liquors. G. D. 
McLaughlin and R. E. Porter. J. Am, Leather Chem. Assoc. 15 (1920), 557, 
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of various compositions. Unfortunately the pH values of the liquors 
were not determined and, in many cases, it is not clear how much of 
the change observed is due to variation of hydrogen-ion concentration. 

Rapid Tannages. 

Numerous accounts appear in the literature of attempts to hasten 
the tanning process, especially for heavy leathers. But few of tlicse 
have yet developed to a point where the mechanism of the process 
is well defined. In many cases, it api:)ears likely that the added ac- 
celerator acts only indirectly by bringing about a more favorable reaction 
of the tan liquor itself. 

One process for hastening tanning that seems, on the face of it. 
to merit further investigation is that described by Cross, Greenwood, 
and Lamb.'® In the course of investigations on the hemi-celluloscs of 
seed endosperms, the authors studied their comix)unds with tannin, 
which may be made to form apparently homogeneous jellies. From 
previous exi)erience in the dyeing of silk, the authors conceived the 
idea of controlling the astringency of the tannin by using it in the 
form of a compound with the hemi-cellulose. They found that the 
use of “gum tragasol“ in conjunction with the tannin solution caused 
a very rapid penetration of tannin into the skin. Complete iienetra- 
tion of very thick hides was obtained in two or three days, althougli 
the reduced rate of combination between collagen and tannin required 
the keeping of the hides in the liquor for a somewhat longer time than 
this. 

A similar type of process is that proposed by Turnbull and Car- 
michael in which the tanning materials are dissolved in a jelly 
formed of a starch solution. 

Another process intended to hasten the tanning of heavy hides 
is that of C. W. Nance and known as the vacuum process. The 
hides are put into a tank, which is then evacuated to a pressure of 
0.5 lb. per square inch. The temperature is then gradually raised 
to the point at which water boils at this pressure. The tan liquor is 
introduced and the temperature allowed to fall slowly to permit the 
hide to absorb tan liquor to replace the water lost by boiling. 1^} 
a proper regulation of temperature and pressure as well as concentra 
tion of tan liquor, it is claimed that an enormous reduction in time 
of tanning can be effected. 

Attempts have been made at various times to hasten the tannin^^ 
process by the application of an electric current. The hides are placed 
between carbon electrodes and the current turned on ; in moving towards 
the anode, the tannins are thus made to penetrate the hide. Rideal 
and Evans'® pointed out that to get good results the conductivity of 

, “Colloidal Tannin Compounds and Their Applications. C. F. Cross, C. V. Greenwood, 
and M. C. Lamb. J. Soc. Dyers Colourists (1919), 35, 62. 

T. B. Carmichael. British Pat. 110,470, Feb. 24, 1917. 

”U. S. Pit. i^o6s.i68, June 17, 1913. 

*• S<^c Experiments on the Theory of Electro-Tanning. E. K. Rideal and U. R. Evans. 
/. Soc, Chem. Ind, 32 (1913), 633. 
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the liquor must be very low and that the cathodes should be made 
of carbon and the anodes of copjier. Williams found that a direct 
(iirrent causes a rapid destruction of pure gallotannic acid, which did 
not take place when an alternating current was used. Following the 
jiresentation of Rideal and Evans’ pai)er, J. G. Parker .said that he 
Iwd experimented with electrical tanning and doubted that it had any 
advantages oyer systems not involving the use of the ela'tric current. 
At any rate, it has not been adopted very widely as yet. 

Much attention has been paid recently to the effect of adding 
organic compounds containing sulfonic groups to vegetable tan liquors 
iiixin the rate of penetration of the tan liquor into the hide. Among 
the materials commonly used may be mentioned the lignosulfonic acids 
ol)tained from the so-called sulfite cellulose, a by-product in the manu- 
facture of paper from wood pulp, and also the synthetic products 
known as syntans, discovered by Stiasny, which will be discussed in 
( hapter 15. These materials act much like certain nontannins naturally 
incurring in vegetable tanning materials in lessening the astringency 
of the liquors and hastening the penetration of tannin into the skin. 

Apparently they have lower molecular weights than the tannins, 
which enable them to diffuse into the .skin more rapidly. Since they 
actually combine with the collagen, they retard the combination of the 
true tannins with collagen, which thus permits tannin to diffuse into 
the interior that would otherwise have combined with collagen at the 
outer surface. This makes them valuable materials to use in the early 
stages of tanning. Whether or not the sulfonic groups which they 
possess are harmful for some kinds of vegetable tanned leathers has 
been the subject of debate, but has not yet been clearly settled. 

The acid character of these sulfonic groups gives the liquors a very 
low pH value, which in turn causes a lightening of the color of both 
the liquors and the leather. In some cases there seem to be combina- 
tions between the tannins and the sulfonic compounds, resulting in com- 
pounds less easily precipitable than the original tannins. The synthetic 
niaterials seem also to cau.se a reduction of some of the more highly 
o.xidized tannins, which may explain in part the lesser tendency of 
certain mixtures to precipitate upon the addition of acid. 

Theory of Tanning. 

Until it became possible to treat the chemistry of the proteins in 
a quantitative manner, there was little hope of develojung a quantita- 
tive thwry of tanning. Numerous attempts to determine the relative 
combining weights of gelatin and tannin led only to variable and often 
apparently contradictory results because of the failure to appreciate 
the existence of uncontrolled variable factors. A review of the older 
literature on theories of tanning would be of little more than historical 
value. 

The modern theories of tanning are following the general trend of 

’•Inquiry into Electrical Tannage. O. J. Williama. CeWcgwm (1913). ,6. 
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development of the chemistry of the proteins. One school of thcju-ht 
treats the theory of tanning from the viewpoint of the physical chem- 
istry of the proteins and the other from that of organic chemistry. 


Procter-Wilson Theory. 


The line of investigation of the physical chemistry of the proteins 
started by Procter led naturally to the conception of the mechanism 
of tanning formulated by Procter and Wilson.^® The work Icadin- 
to the formulation of this theory is given in detail in Chapter 5 and 
need not be repeated here. When in equilibrium with a tan liquor 
having a pH value lying in the range 2 to 5, collagen may be lookcri 
upon as constituting an aggregate of complex cations balanced li\ 
much simpler anions held in the solution immediately in contact witli 
the collagen structure by the same forces that hold all oppositely char^n f] 
ions together. We may assume that the collagen composing a liid( 
fiber has a structure corresponding to that of gelatin when set to a Jcllx 
The theory may be pictured very simply by considering a piece m 
skin in contact with a solution containing only tannin and the acid 11. \. 
When equilibrium is established between the collagen and the acid, in 
the tan liquor let 

x=:[H^] = [A'] 

and in the jelly phase of the collagen let 
y=[H 1 

and z= [CH"^] (i.e., concentration of collagen cation) 

whence . [A'] == y + z. 

The equilibrium conditions are exactly analogous to those described 
for gelatin, from which it is apparent that there will be an electrical 
difference of potential between the jelly phase and the external sclulimi 
expressible quantitatively by 



RT — z + V4x‘ + 
F ^ 2X 


Each tannin particle is negatively charged and, consequently, iiumt 
have associated with it an equivalent ' number of cations held in tlu 
solution immediately in contact with the particle, which we may call 
the surface film for convenience, although it makes no difference t" 
the theory whether the tannin particle is solid, like a gold particle, or 
a jelly particle capable of absorbing solution. Let the concentration 
of these cations be represented by Si and the concentration of the 
anion A' in the surface film by yi; the total concentration of cation 
then equals yi + The electrical difference of potential between the 
surface film and bulk of solution then equals 

w Theory of Vegetable Tanning. H, R. Procter and J. A. Wilson. J. Chm. Soc. i > ( 
(1916), 13^7. 
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ir RT, X 

E, = t1«8^ 


RT 


log 


2X 


— Zi + \/4x* + 


It is evident that E and Ei are of opposite sign. 

According to the Procter-Wilson theory, the first important action 
in the mechanism of tanning results from the tendency for 1’. and h'l 
to neutralize each other. The initial rate of tanning will, therefore, 
be measured by the sum of the absolute values of the potential 
differences, or 


EE w 4X» 

r (— z + ^4^“ + Z*) (— Zi + -v/ 4x’ +Zi’) 

In this expression, z is measured by the absolute value of the electrical 
charge on the collagen and z^ that on the tannin particles, while x 
represents the hydrogen-ion concentration of the tan liquor. For a 
fixed value of .r, an increase in value of either z or evidently causes 
an increase in the rate of tanning. 

Now, if we introduce a salt, say sodium chloride, and let its con- 
centration in the tan liquor at equilibrium be represented by 

u=:z[Na^]z=[Cl'], 

from the reasoning in Chapter 5, we sec that the initial rate of tanning 
is now determined by the expression 

RT log 4 (x + ur . 

-p [-z-f- V4(x + u)^+z»].[-z,+ V 4 (x + ur-K'] 


It is apparent that an increase in u, provided it does not increase z or z^, 
will cause a decrease in rate of tanning. This explains, in part, the 
retarding effect of salts upon the rate of tanning. If u is increased 
without limit, the value of the above expression becomes zero. 

When the surface film surrounding the tannin particle has joined 
the solution constituting the jelly phase of the collagen and thus neu- 
tralized the potential difference which each had apinst the external solu- 
tion, the actual charges on the collagen and tannin are free to neutralize 
each other, as in the combination of any two oppositely charged ions 
^^hich tend to form a slightly dissociated salt. 

Like the physical chemistry of the proteins, outlined in Chapter 5, 
this theory is capable of almost indefinite extension by mathematical 
treatment. Since the quantitative testing of the theory has only just 
^^een begun, such extensions may well be left for some future time. 
It is worthy of note, however, that the theory has proved a valuable 
h'uide in the development of tanning processes and no facts observed 
tanning practice have yet been shown to be out of harmony with it. 
It is interesting to speculate on the probable combining ratio of 
^'"llagen and pentadigalloyl glucose. Taking the author’s value of 750 
the equivalent weight of collagen and assuming that each digalloyl 
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radical is capable of combining with collagen, we arrive at a combinin<^^ 
ratio of 340 parts of tannin to 750 parts of collagen, or 45.3 per 100 
parts of collagen. It may be only a coincidence, but this ratio repre- 
sents the minimum possible for vegetable tanned leather to pass as 
fully tanned, at least in the author's experience. On the other hand, 
when skins are allowed to remain in the tan liquors for months, the 
ratio approaches the value of 90 parts of fixed tannin per 100 of col- 
lagen, but the author has never known it to pass this value in practice. 
Of course it is appreciated that different tannins may have different 
molecular weights, which would cause some deviation in the ratio to 
be expected. Any supposition as to the combining proportions of col- 
lagen and tannin is admittedly highly speculative in view of our mea^ne 
knowledge of the mechanism of tanning, but where so little is known, 
such speculations are valuable in forming a nucleus from which to 
build. 

The Procter-Wilson theory does not concern itself with the con- 
stitutions of the collagen cation and tannin anion, nor does it deal 
with possible combinations of collagen and tannin where these liavc 
electrical charges of the same sign, a condition which rarely, if ever, 
occurs in tanning practice. 

Thomas and Kelly have recently started an investigation to de - 
termine the nature of the combination of collagen and tannin at 
different pH values. TrunkeP^ had previously shown that the water- 
insoluble compound of gelatin and tannin can be resolved into its 
components by digesting with ethyl alcohol, provided the digestion i< 
carried out before the precipitate has dried. After drying, the gelatin- 
tannin compound is unaffected by alcoholic digestion. Thomas and 
Kelly studied the effect of alcohol upon collagen tanned at different 
pH values. 

Tan liquors were prepared having pH values of 1,3, 5, 7, and 0. 
In the study of hemlock bark extract, portions of hide powder con- 
taining I gram of dry protein were shaken for 24 hours, at room 
temperature, with 50 cubic centimeters of tan liquor containing 2.7 
grams of solid matter of the hemlock extract. The tanned powders 
were then filtered and washed in Wilson-Kern extractors until the 
wash water gave no color upon addition of ferric chloride. The wet 
powders were then transferred to Thom extractors and extracted with 
95-per cent alcohol. In this type of extractor, the material is ex- 
tracted by the hot vapors as well as by the condensed solvent. 

At intervals the alcoholic extracts were transferred to beakers, 
evaporated to dryness, dried for 4 hours m vacuo at 100° C. and 
weighed. After apparently complete extraction, the tanned powders 
also were dried in vacuo and weighed, the loss of tannin due to the 
alcohol extraction being calculated by comparison with a control series 
not treated with alcohol. 

The Difference in Kind or Degree of Tannin Fixation as a Function of the Hydrogen 
Ion Concentration. A. W. Thomas and M. W. Kelly. Ind. Eng, Ckem. (1923) ; (advance 

^ **^^ ( 3 el^tine find Tannin. H. Trunkcl. Biochem. Z. 26 (1910), 458. 
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Table XXXIV shows the results obtained from weighing the residues 
fri.in the alcoholic extracts and Table XXXV those obtained from 
iho dry weights of the extracted leathers. Apparently alcohol de- 
(omposes most easily those leathers which were tanned at pH values 
Iviiig between 3 and 5, the region in which tanning is usually done 
in practice. It is also apparent that leathers tanned at pH values 
gnater than 5 are much more resistant to decomposition than those 
lanticd at values less than 5. Table XXXV also shows the effect 
,,f extracting previously dried leathers with alcohol; drying evidently 
brings about a more permanent fixation of the tannin. 


TABLE XXXIV. 


i XTRACTIOX BY A1.COIIOI, OF FiXED TaNNIN FROM LEATHERS TaNNED WITH 

I1f.mi.ock Bark Extract at Different pH Values. Figures Obtained 
BY Weighing the Dry Residues from the Alcoholic Extracts 


Tanned at pH 
Value of 


3 

5. 

7 

9 


Per cent of Total Fixed Tannin Removed 
by Extraction for 


I hour 

45 hours 

91 hours 

6.1 

19.3 . 

23.3 

7-7 

24.1 

28.9 

7.8^ 

17.1 

22.0 

3.1 

6.9 

9.8 

4.2 

6.3 

8.4 


TABLE XXXV. 


fSaine Experiment as Described in Table XXXIV. But the figures in this table 
were obtained by weighing the dry leather after the .alcohol extraction.) 


Tanned at pH 
Value of 

I 

3 

5 

7 

9 


Per cent of Total Fixed Tannin Removed 
by 91 Hours’ Extraction of the 
Wet leather Dried leather 


16.6 

23.3 

25.1 

4.6 
0.6 


o.p 

2.8 

4-4 

0.6 

0.0 


A curious finding is that the figures in Table XXXV show a smaller 
of tannin than those in Table XXXIV. Some light is thrown 
'Pon this difference by a series of experiments with gambier. These 
'ere similar to the hemlock series except for the fact that the 50- 
F )ic centimeter portions of tan liquor contained 2 grams of dry 
in ' 'tL XXXVI shows the results obtained by weigh- 
.it leathers after extraction with alcohol. The leather tanned 

I ^ actually shows a gain in weight upon extraction with 

j "1101. Thomas and Kelly suggest the hypothesis that this gain may 
aldir^ oxidation of the alcohol to aldehyde followed by an 
of n o ^ tonnage. Tan liquors absorb oxygen readily at a pH value 
J and darken in .cqlqr as nidation proceeds. The author has found 
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that oxidized tannins present in leather cause an oxidation of 
saturated oils used in fatliquoring leather, as determined by the ratio 
of oxidized to unoxidized fatty acids subsequently extracted from tlio 
leather. It is therefore not unreasonable to suppose that tannins whit i, 
have been oxidized at a pH value of 9 may be able to bring alxnu 
an oxidation of the alcohol molecule. 

TABLE XXXVI. 

Extraction by Alcohol of Fixed Tannin from Leathers Tanned wiin 
Gambier Extract at Different pH Values. Figures Obtainfj} bv 
Weighing Dry Leathfjis After the Alcohol Extraction. 


Per cent of Total Fixed 
Tannin Removed by Ex- 
Tanned at pH traction for 91 Hours 

Value of of the Wet Leathers 

1 17.5 

3 26.3 

5 19.5 

7 . 0.7 

9 (Gain of 13.8 per cent!) 


The most important finding in this work is that the kind of 
fixation of tannin by collagen at pH values lower than 5 is different 
from that at pH values greater than 5. The simple theory of Procter 
and Wilson does not take into consideration the complex organic re 
actions which apparently occur in tanning with liquors having a pll 
value greater than 5, nor the changes in the collagen-tannin compouivl 
which take place upon drying and aging. 

Oxidation Theory. 

Of the various theories of tanning treating the subject from the 
standpoint of organic chemistry, the oxidation theory supported hy 
Meunier, Fahrion, and others is the only one meriting serious con- 
sideration. Meunier^^ and his co-workers found that skin could l»e 
converted into leather by bringing it into contact with a solution of 
benzoquinone. The color of the skin changed successively to light 
rose, to violet, and to brown. A leather of remarkable resistance t" 
boiling water was obtained. An observation of great theoretical sig- 
nificance was that a portion of the quinone was reduced to quinol 
during the tanning action. Meunier concluded that part of the quinone 
had been reduced by the oxidation of the collagen and that only the 
oxidized collagen entered into combination with the remaining quinone. 
He likened the action to that of quinone upon aromatic amines : 


CeH«NH2 + 2QHA ^ CeH^NCQHA) + C,U,{OE)2 
2CeH5NH2 + 3C,U,0, = (C«H,N),CeH,0, + 2C,U,{OEh 

“Modern Theories of Uie Various Methods of Tanning. L. Meunier/* ChimU S’ 
trif I (T918), 71, 272; English translation, /. Leather Chem. 4 ^soc. 13 (1913), 5 J' - 
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Assuming the existence of primary amino groups in the collagen mole- 
cule, the compounds formed might be represented by the formulas: 


R- 


O 

-N< >C,H4 
0 


R — N — 0 

„ I > C,H4 

R_N — 0 


I'ahrion** suggested the following reactions: 

zRNHj -f- O = R — NH — NH — R 4- H ,0 
R — NH R — NH — 0 

„ I +C.H4O, = >C,H4 

R — NH R — NH — 0 

In vegetable tanning materials, Meunier assumes tliat quinones are 
formed by oxidation and that it is these which react with collagen to 
lonii leather. ^ 

l-owarnin*' objected to the assumption of the formation of 
qumones by oxidation and suggested that they are formed bv a 
laiKomeric change, thus ^ 


CH 

HC C.OH 

Hit toH 

\/ 

CH 

enol form 


CH 

H^^H — 0 

HC (in -A 

\/ 

CH 

keto form 




CH NH, 

HC CH -0 \h, 
RC CH — A Ao 

NH.R 

tannin protein 


CH NH 

hc^'ch, 

^rA Ah Ao 

\/\/ 
CH N.R 
leather 


The organic chemistry of vegetable tanning has not vet oassed 
^tage of speculative hypotheses. ^ 

”Ac'tiJi?'’rS"h ^i""- 3 «'; ('914), iia. 

'■"■4)r6M? Witt 0.ganic Subrtancr,. C. Powarnin. ColUglum 



Chapter 14. 

Chrome Tanning. 

Although the tanning of skins by means of chromium salts is onlv 
of comparatively very recent origin, a large proportion of the wurld > 
supply of light leathers is now tanned by this process. In 1858 Kiiapp ' 
described a process for tanning skins with salts of aluminum, iron, and 
chromium, but chrome tanning did not come into prominence connncr- 
cially until after the appearance of the patents of Augustus Schidtz, 
of New York, in 1884. In Schultz’s process, the skins, after baiiiii^ 
or deliming, were tumbled in a solution of potassium bichromate and 
hydrochloric acid until the chromate had completely penetrated the 
skins, after which they were allowed to drain. They were then tuin* 
bled in a solution of sodium thiosulfate acidified with hydrochloric 
acid, which reduced the chromate to chromic salt, in which condition 
it combines with the skin protein, yielding a very stable leather. 

Schultz’s system of tanning is known as the two-bath process. In 
1893 Martin Dennis patented a system for tanning skins directly in a 
solution of basic chromium chloride along the lines suggested by Knapp 
in 1858. This one-bath process was naturally to be preferred to the 
two-bath process and soon gained precedence over it, except in the 
manufacture of glazed kid leathers, where the two-bath process seemed 
to yield a leather having more desirable properties. No explanatitu 
has yet been forthcoming as to why this should be so, although the 
author believes that the same results can be obtained by the one-bath 
process, if the reaction of the liquor is made to equal that of the liqiiur 
present in the skins during the second bath of the two-bath process. 
In the ordinary two-bath process, the acidification of the sodium thio- 
sulfate causes a deposition of sulfur in the leather, which affects its 
properties, but a similar result can be obtained by the use of sodiinn 
thiosulfate in the one-bath process. On the other hand, the precipita- 
tion of sulfur in the two-bath process can be avoided by using sodium 
bisulfite as the reducing agent. Basic chromium sulfate was found 
to be superior to the chloride for one-bath tanning, as well as cheaper, 
and is now almost universally used. 

Commercial one-bath chrome liquors are usually made from chrome 
alum or from sodium bichromate. A popular method is that devised 

’ Nature and Essential Character of the Tasiiing Process and of Leather. F. Knapp. 
J. G. CotU Buchhandlung (1858); English translation, J. Am, Leather Chem, Assoc, if 

(i9ai), 658. 
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by Procter^ in which acidified sodium bichromate solution is reduced 
to chromic salt by the addition of a solution of glucose, A great 
variety of reducing agents have since been suggested or patented for 
the purpose. A very convenient method, described independently by 
lialderston ® and Procter,* consists in passing sulfur dioxide gas into a 
solution of sodium bichromate until the reduction is complete. The 
equation usually given for the reaction is as follows : 

Na^CrjOr + SSO, + H^O = Na 2 S 04 + 2 Cr 0 HS 04 , 

but this merely indicates the relative basicity of the final liquor, the 
end product probably being much more complex than this. 

In modern practice, it is customary to pickle the skins from the 
beamhouse before chrome tanning, as described in Chapter 10. This 
lias the advantage of bringing all skins into a uniform condition. 
After pickling, the skins are put either into a drum or a paddle vat 
and tumbled or paddled with chrome liquor until completely tanned, 
which condition is determined by placing a cutting in boiling water. 
Any untanned portions are converted into gelatin and this causes the 
piece of skin to shrivel up and curl. When the skin is completely 
tanned, it is apparently entirely unaffected by boiling water. The rate 
of penetration of the chromium salts into the skin, the rate of tanning, 
and the properties of the resulting leather are markedly influenced by 
changes in concentration of chromium salt, neutral salt, and hydrogen 
ion. Conditions are made even more complex by the important effects 
of time, temperature, and degree of hydrolysis of the chromium salts. 
All of the variables must be adjusted to suit each other as well as the 
condition of the skin as it enters the tan liquor and the processes to 
which it is to be subjected after tanning. Probably no two tanneries 
operate exactly alike and very few would dare to deviate far from 
the practice found to give good results under their particular conditions 
of operation. 


Chromium Collagenate. 

It now seems fairly well established that acid and basic radicals 
form definite salts with proteins. There is nothing novel about the 
assumption that chromium, or other metallic radical, can form with 
collagen a series of salts that might be called chromium collagenates. 
Moreover, such an assumption is a convenient one, even though it may 
be shown later that the compound formed is much more complex than 
would be indicated by the term chromium collagenate. 

If the author’s ® value of 750 be accepted for the equivalent weight 
of collagen, then the smallest amount of chromic oxide required to 


* H, R. Procter. Leather Trades Rev., Jan. 12, 1897. 

* L. Balderston. Shoe & Leather Rep., Oct. 18, 1917. 

*H. R. Procter. J. Roy, Soc. Arts. 66 (1918), 747. 

‘Theories of Leather Chemistry. J. A. Wilson. J, Am. Leather Chem. Assoc. la 
(» 9 X 7 ), 108. 
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convert lOO grams of collagen into the chromium salt would be 
(iS2xioo)/(6x7So), or 3.38 grams. Lamb and Harvey® found 
that chrome leather showing less than 2.8 to 3.0 per cent of chron^ic 
oxide, based on the dry leather, was invariably undertanned. Eased 
upon actual collagen, the figure would be about 3.4. That the figure 
3.38 has some significance will be made more apparent later. This 
value assumes that all of the three bonds of the chromium ion have 
entered into combination with the protein and we should expect such a 
compound to be extremely stable, which chrome leather undoulHedly is. 

The most exhaustive studies yet made of the combination of collagen 
and chromium at measured concentrations of hydrogen ion, chroniii 
oxide, and neutral salt are those of Thomas and his collaborators, whit h 
will be given in some detail. 


Hydrolysis of Chromium Salts. 


COMMBRCIAI CHROME L1QU0R| 
Immediately 
after 7 days 


Being a salt of a strong acid and a weak base, chromic sulfate 
hydrolyzes to a very considerable extent in aqueous solution, yielding 

free sulfuric acid and a series of 
basic chromic sulfates. Thomas ami 
Baldwin ® followed the change in 
degree of hydrolysis of chromic 
salts, under various conditions, by 
measuring changes in hydrogen-ioii 
concentration. Studies were made 
of solutions of C.P. chromic sulfate 
and chromic chloride and also of a 
typical commercial chrome liquoi', 
which showed by analysis: CroO,,. 
14.3 per cent; Fe^Oa, 1.9 per cent; 
AI2O3, 0,2 per cent; SO3, 23.5 per 
cent; Cl, 0.2 per cent; and ba- 
sicity corresponding to the formula 
Cr(OH)i.2(SOi)o.o, the sulfate 
present in excess of that called for 
by this formula being present as so- 
dium sulphate. 

Effect of dilution: Fig. 127 
shows the pH values of both chro- 
mic sulfate and the commercial 
chrome liquor at different concen- 



10 20 30 40 

Grams CrgO^ per Liter 

Fro. 127.— Effect of Dilution upon the 
Hydrolysis of Chrome Liquors. 


trations. Strong solutions of each were diluted to increasing extents 
and the hydrogen-ion measurements were made immediately and also 
after the diluted solution had stood for 7 or 9 days. With both mate- 

• Estimation of Chromic Oxide in Chrome Tanned Leather. M. C. Lamb and A. Harvey. 

Collegium (London Edition) (1016), 201. ^ 

' The Acidity of Chrome Liquors, A, W. Thomas and M. E. Baldwin. J, Am. Leather 
Chem. Assoc. 13 (1918), 192. . , 

• Contrasting Effects of Chlorides and Sulfates on the Hydrogen-Ion Concentration oi 
Acid Solutions. /. Am, Chem, Soc. 41 (19*9), 1981. 
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rials, the effect of dilution is naturally to raise the pH value, but, upon 
.tanding, the pH value of the commercial liquor continues to rise, wliilc 
that of the chromic sulfate falls. 

Effect of added acid or alkali: Fig. 128 shows the effect of adding 
sulfuric acid or sodium hydroxide to solutions of the commercial chrome 
liquor and of pure chromic sulfate. In each case a given amount of 
oiiiccntrated chrome liquor was mixed with a dehnite volume of stand- 
arcl sulfuric acid or sodium hydroxide and the mixture was diluted 
to 50 cubic centimeters. The hy- 


,lrogen-ion concentration was deter- 
mined immediately after mixing 
and diluting and also after definite 
intervals of time. The addition of 
acid causes a corresponding increase 
in hydrogen-ion concentration, but 
this causes a repression of hydroly- 
sis of the chromium salt. The curves 
show that changes in degree of 
liydrolysis require a considerable 
length of time ; after the addition of 
acid, the hydrogen-ion concentra- 
tion continues to fall for many days, 
approaching, but never reaching the 
value it had before the addition of 
(he acid. 

The lowering of the hydrogen- 
ion concentration by the addition of 
alkali causes an increase in the de- 
^u'ec of hydrolysis of the chromium 
>alt and the hydrogen-ion concen- 
tration continues to rise towards the 
value it had before adding the 
alkali. The long time required for 
Mich systems to reach equilibrium, 
after a disturbance, increases the 
difficulty of investigations of the 
chemistry of chrome tanning. 

Effect of neutral salts: In 
Chapter 4 it was pointed out that 
(he hydrogen-ion concentration of 
acid solutions is increased by the 
addition of neutral chlorides and decreased by the addition of neutral 
sulfates. The effect of increasing concentration of different salts in 
solutions of sulfuric and hydrochloric acids was shown in Figs. 39 and 
40. In Fig. 129 are shown the changes in hydrogen-ion concentration 
occurring when various salts are added to solutions of the commercial 
chrome liquor and of pure chromic sulfate. The curves are strikingly 
similar to those in Figs. 39 and 40. The time effect is shown in the 
case of sodium chloride; the other measurements were made 30 days 



acid 


allcall 


C.C. Added O.EH H 23 O 4 or BaOH 
in 60 C.C. liquor Containing 
0*693 Grains Chromic Oxide 

Fig. I28.--Efi‘ect of Added Acid or 
Alkali upon the Hydrolysis of 
Chronic Liquors. 
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after adding the salt in order to give time for the re-estabIishmel,^ f 
eauilibnum. ui 


In order to avoid the complications obtained by mixing chloriri.. 
with chromic sulfate, Thomas and Baldwin also studied the e£ ! 
neutral chlondes upon a solution of pure chromic chloride Fi(r 1 
shows the effect of adding increasing amounts of various neutraTsiis 



to a solution of the green modification of chromium chloride; measure- 
nients of hydrogen-ion concentration were made immediately aflei 
adding the salt and diluting to definite concentration and also after tlie 
solutions had stood for 50 days. Where no salt was added, there was 
a rise in pH value upon standing. 

The complex nature of the time effect after adding salt to a chrome 
shown in Fig. 131. Commercial chrome liquor and sodium 
chloride were mixed and diluted so that the final concentration of 
sodium chloride was twice molar and of chromic oxide 13.86 grams 
liter. Determinations of hydrogen-ion concentration were made every 
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10 minutes for 4 hours and then at longer intervals for 3 days. It is 
evident that the action causing the increase in hydrogen-ion concentra- 



I’K;. i30.“Effect of Neutral Clilorides on the Hydrogen-Ion Concentration of a 
Solution of Chromic Chloride Containing 1377 Grams of Chromic Oxide per 
Liter. 

tion is subject to a time factor as well as the hydrolysis of the 
chromium salt. 

Following the observation by W. Klaber that chrome liquors can 
be made more basic, without causing precipitation, if salt be added to 



I iG. 131.— Change in Hydrogen-Ion Concentration of Chrome Liquor with 
Time after the Addition of 2 Moles of Sodium Chloride per Liter. 

tbem previously Wilson and Kern® noted that the resistance of a 
rhrome liquor to precipitation by alkali is increased by the addition of 

•The Action of Neutral Salts upon Chrome Liquors. J. A. Wilson and E. J. Kern 
Am. Leather Chem. Assoc. 12 (i9*7)> 445. 
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all neutral salts and that sulfates are even more effective than chlorides. 
1 he amount of alkali required to start precipitation in a chrome liquur 
was determined by titrating lo cubic centimeters of filtered liquor wuh 
o.iN sodium hydroxide until the first permanent turbidity appeared, 
as seen by looking through the liquor, l^r a given chrome liquor, 3.^ 
cubic centimeters of standard alkali were required. To another portiuu 
of 10 cubic centimeters was added 0.04 gram molecule of sodium 
chloride ; in this case 6,8 cubic centimeters of the standard alkali were 
required to start precipitation. Kepeating the experiment, taking m 
each case 10 cubic centimeters of the chrome liquor and 0.02 gram 
molecule of added salt, the following amounts of standard alkali were 
required to start precipitation in the presence of the neutral salt iiuli 
cated: none, 3.7; KBr, 3.9; KCl, 4.0; KNOg, 4.2; NH4CI, 4.5; 1, 

5.4; MgCla, 0.2; Mgb04, 10.5; Na2b04, 11.4; and (JNli4j2b04, ii.O. 
ivt least some of the effect ot the clilorides may be attributed to tlu n 
action in increasing the hydrogen-ion concentration of the liquor. 1 uc 
sulfates, however, decrease the hydrogen-ion concentration, but, siiict 
they increase the stability of the ciirume liquor, it seems likely that tlu ) 
form addition compounds with the chromium salt less easily precipi- 
tated than the simpler salt. 


Diffusion of Chromium Salts into Protein Jellies. 

In vegetable tanning, the rate of diffusion of tannin into the libers 
of the SKin increases with increasing pli value, in chrome tanning, 
the reverse is true. An increasing pin value causes the molecules ui 
Chromium salt to form aggregates 01 increasing size, greatly reducing 
the rate at which they diffuse into the skin. 

Vvhen neutral skin suostance is brought into contact with a chrome 
liquor, both the tree acid present in the liquor and the basic clironiic 
salt begin to^diffuse into it. But the greater rate of diffusion ot tlie 
acid causes the liquor to become more basic. Procter and Law 
studied the relative rates of diffusion of the free acid and chromium 
salt of a chrome liquor into gelatin jelly by allowing a faintly alkaline 
solution of gelatin and phenolphthaiein to set in a Nessler tube and 
pouring the chrome liquor on top of the jelly. As the acid diffuses 
into the jelly, it discharges the color of the phenolphthaiein, while the 
extent ot diffusion of the chromium salt can be followed by its color, 
ihe combination of both acid and chromium with the gelatin has a 
retarding effect upon the rate of diffusion. 

1 his differential diffusion may not occur where the common practice 
of pickling skins prior to tanning is used. When the skins contain a 
great excess of acid, the chromium salt diffuses into them very rapidly, 
out the rate of combination of chromium and collagen is correspondingly 
decreased and it becomes necessary to neutralize some of the aad before 
the skins can become completely tanned, even though completely per- 
meated by the chromium salt. 

«H. R. Procter and D. J. Law. /. Soc, Chem. Jnd. aS (1909), 297. 
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The Time Factor in Chrome Tanning. 

The progress of the chrome tanning of hide powder with time lias 
liceii studied by Thomas, Baldwin, and Kelly They first examined 
the action of the commercial chrome liquor described above. The 
c hrome liquor was diluted to contain 17 grams of chromic oxide per 
liter. Two hundred-cubic centimeter portions were poured upon 5-gram 
portions of hide powder in glass-stoppered bottles. These mixtures 
were kept at room temperature (about 26^ C.), agitated frequently, and 
filtered oflF at definite intervals, — i, 2, 4, 6, 8, 12, 24, 48, 72, and 96 hours. 
They were filtered by suction on a dry paper in a Buchner funnel, the 
filtrate was set aside for analysis, and the tanned powder was washed 
with 500 cubic centimeters of water in order to remove chromium salts 



Time in Honrs 

I'lG. I32.--Change in Hydrogen-Ion Concentration of Chrome Liquors with 

Time. 

not chemically combined. The washed powder was partially dried at 
40° C. and then completely at 100° C. 

The filtered liquors were analyzed for hydrogen ion, acidity, and 
cliromic oxide and the tanned powders for sulfate, chromic oxide, ash, 
and hide substance (nitrogen x 5.62). 

Measurements of hydrogen-ion concentration were made immedi 
ately upon filtration of the liquors and, in order to exclude the possibility 
nf attributing natural hydrolytic changes to absorption by hide sub- 
stance, parallel measurements were made upon a portion of the chrome 
liquor having no contact with hide powder. The parallel sets of meas- 
urements are shown in Fig. 132. 

In Fig. 133 are shown the amounts of chromic oxide and of sulfate 
combined with I gram of skin protein at different intervals of time. 
These were obtained from the analyses of the washed powders after 
tanning. The broken lines represent calculations made from analyses 
of the chrome liquors on the assumption that the concentration is uni- 

” The Time Factor in the Adsorption of the Constituents of Chronic Liquor by Hide 
Substance. A. W. Thomas, M. E. Baldwin, and M. W. Kelly. J. Am. Leather Chem, 
Assoc. 15 (1920), 147. 

”Thc Time Factor in the Adsorption of Chromic Sulfate by Hide Substance. A. W. 
Thomas and M. W. Kelly. Ibid., 15 (1920): 487. 
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form throughout all of the solution present in the system during tainiiiiL;. 
We know from Chapter 5 that this assumption is not true, that ilu' 
solution absorbed by the collagen jelly is less concentrated than th, 
outer solution. This explains why these curves show lower values i..r 
combined sulfate and chromic oxide. Thomas and Kelly were w. II 
aware of this fact and presented the calculations made from the allal^ 'i^ 
of the solutions for the purpose of demonstrating the fallacies in ibis 



Liter. 

method, which is commonly used for measuring the extent of “adsmii- 
tion” of substances from solution by skin and other materials. 1 w' 
discrepancy is increased in the case of the sulfate determination by t ho 
(fact that some combined sulfate is removed by washing, whereas the 
,chromium-collagen compound is very stable. _ 

They next studied the action of a solution of pure chromic sultate. 
■but, using the same procedure, got only erratic results. They found 
it necessary, when using the pure salt, to soak the hide powder m water 
■before adding the chrome liquor. The fact that the pure salt gave a 
solution very much more acid than the commercial salt may have ha 
something to witjh this. Five-gram portions of hide powder were 
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Fk;. 134. — Change in Hydrogen-Ion Concentration of Chrome Liquors witli 

Time. 

placed in each of a series of glass-stoppcred bottles, 50 cubic centimeters 
of water were added to each, and the powders were allowed to soak over 
night. Then 150 cubic centimeters of chromic sulfate solution were 



a Progress of Combination of Cr*Ot and SOa with Hide Substance 
during 64 Days’ Contact with Chromic Sulfate Solution containing 16.4 
Grams jCr»0| per Liter. ’ 


/ 
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added, making 200 cubic centimeters of liquor with a concentratiim i,f 
16.4 grams of chromic oxide per liter. The rest of the experiment wav 
performed just as in the case of the commercial chrome liquor, ext ciit 
for the fact that a time period of 64 days was covered. 

The variation in hydrogen-ion concentration in the control li(|ii(,v 
and in the filtrates from the tanning tests is shown in Fig. 134. Th, 
trend of the curves is different from that of those in Fig. i.p. 

The amounts of chromic oxide and of sulfate combined with i [jrain 
af hide substance are shown in Fig. 135 - When the calculations were 
made from the analyses of both leathers and liquors, the same sort oi 
differences were noted as with the commercial chrome liquor. The 
only reliable figures are those obtained from the analyses of the leathers, 
shown by the continuous lines. The amount of chromic oxide conihiiud 
with 100 grams of hide substance approaches a limiting value of 13 S 
grams. Because this is almost exactly 4 times the author’s value of 
3.38 grams, calculated to be the smallest amount of chromic o.xidc 
required to convert 100 grams of collagen into the chromium salt, 
Thomas and Kelly referred to it as tetrachrome leather. 

A comparison of Figs. 133 and 135 will show that the rate of taniiii!- 
is very much less in the chromic sulfate solution, in which the hydrogen 
ion concentration is about 20 times as great as in the commercial lifitior. 
It will also be noted that the amount of chromic oxide combined with 
I gram of skin protein is greater for the commercial liquor after 4 fla} v 
than the limiting value in the case of the pure chromic sulfate and ha^ 
not reached a limiting value in 4 days. The significance of this will 
be made more apparent presently. 


The Concentration Factor in Chrome Tanning. 

The effect of the concentration of a chrome liquor upon the fixatinii 
of chromium by skin protein has been studied by Baldwin and hy 
Thomas and Kelly.”^’ A solution of the commercial chrome liquMr. 
described above, was made having a concentration of 202 grams m‘ 
chromic oxide per liter and this was used at various dilutions to stud\ 
the effect of concentration. A 200-cubic centimeter portion of each 
dilution was poured into a bottle containing hide jwwder equivalent to 
5 grams of water-free hide powder. Another portion of each solution 
was set aside and at the expiration of 48 hours the hydrogen-ion con- 
centration was determined. The bottles were shaken at intervals for 
48 hours and the contents were then filtered off by suction. Analy>cs 
were made of the liquors and of the tanned powders after washing ami 
drying, the methods employed being the same as in the studies of the 
time factor. 

" The Effect of the Concentration of a Chrome Liquor upon Adsorption by Hide S ili 
Stance. M. E. Baldwin. J. Am. Leather Chem, Assoc. 74 (i 9 » 9 ). 433 - . . r n titM 

’*The Effect of Concentration of Chrome Liquor upon the Adsorption of Its t onsm 
ents by Hide Substance. A. W. Thomas and M. W. Kelly. J, Ind. Ettg. Chetn. 

'“^Equilibria between Tetrachrome Collagen and Chrome Liquors; the Formation ui 
Octachrome Collagen. Jbid-, 14 (19^2)1 631. 
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Mg. 136 sliows the variation in hydrogen-ion concentration in the 
lilt rates and also in the control liquors which had no contact with hide 
IKiwder. Fig. 137 shows the effect of concentration upon the amount 
„1 chromic oxide fixed by i gram of skin protein in 48 hours Where 
the calculation was made from the analyses of the liquors, a ridiculous 
result was obtained, as expected. In this calculation it is assumed that 
the decrease m concentration of the liquor represents the amount of 
sdhite combinecl with the hide |X)wder, but the concentration of tlie 
..tK.nger liquors is actually increased by the introduction of hide i)owder, 


l-Ki. 



136.— Change in Hydrogen-Ion Concentration of Chrome Liquors with 
Increasing Concentration. 


tlue to the absorption of a greater proixirtion of water to chromiuin 
''^dt than existed in the solution before the introduction of the hide 
!j<»wder. It is interesting to note that the metliod of calculation giving 
these ridiculous results is the same in principle as that of the official 
»iethod of tannin analysis of the American Leather Chemists Associa- 
tJ^'ii, described in Chapter 12. The determination of combined chro- 
Allium by analysis of the washed leathers corresponds to the Wilson-Kern 
nieth^ of tannin analysis, also described in Chapter 12. 

The reason for the point of maximum at a concentration of 15 
grams of chromic oxide per liter is not entirely clear, although a number 
^ causes may be assigned to the falling off in rate of combination at 
igher concentrations, among which may be mentioned the increasing 
>arogen-ion concentration, as shown in Fig. 136, the increasing salt 
^^ncentration, and the probability of the formation of addition com- 
F^unds. It is interesting to compare this curve with those for the rate 
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of vegetable tanning as a function of concentration, shown in Chap- 
ter 13. 

The experiments just described were relocated exactly, excej)t idi 
tlie fact that the hide powders were kept in the chrome liquors for 
months. The results are shown in Fig. 138. Curiously enough a [nm 
of maximum occurs having a value of 26.6 grams of chromic oxide ix r 
100 grams of skin protein, which is approximately 8 times the aiithni \ 
calculated minimum of 3.38. Moreover a point of inflection occurs in 
the curve at a point giving just half of the maximum value. On iiu- 



Fig. 137.— Effect of Concentration of Chrome Liquor upon Combinatioin)! 
Chromium with Hide Substance. 


assumption that they had obtained octachrome collagen, Thomas and 
Kelly calculated the combining weight of collagen as 94, a value of the 
same order of magnitude as those of the amino acids making up the 
protein molecule. This degree of combination of collagen and chro- 
mium is the highest ever reported in the literature. 

The fact that only a tetrachrome collagen was obtained after 64 
days of contact with chromic sulfate solution, whereas an octachrome 
collagen was obtained with the commercial chrome liquor may possibly 
be explained by the differences in hydrogen-ion concentration of th.e 
two series of liquors. On this assumption, only half of the total number 
of carboxyl groups are capable of attaching chromium 'bonds at the 
higher acidities. Th^ possibility is thus suggested that a series of col- 
lagen salts from monochrome to octachrome might be obtained by 
tanning hide powders for a sufficient length of time at different pH 
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N.'ilues. Experiments to settle this point will he made as soon as the 
(,[)portimity affords. 

The reversibility of the action Icadin^^ to the formation of tetra- 
ihrome collagen was studied by Thomas and Kelly. Since the chronic 



Grams Chromic Oxide per Liter 

I'lc. 138.— I^ffect of Concentration of Chrome Liquor upon Coinhination of 
Chromium and Sulfate with Hide Substance. 

tanned hide powder docs not lose any measurable amount of chroiniuin 
upon several hours' washing, they decided to allow tetrachronic collagen 
to remain in contact with solutions of varying chromium content for 
several months. 



Grams Chromic Oxide per Liter 

b'lG. 139.— Effect of Concentration of Chrome Liquor upon Combination of 
Chromium and Sulfate with Tetrachrome Collagen. 

Portions of tetrachrome collagen containing just 5 grams of hide 
substance were placed in a series of 12 bottles and covered with 200- 
cubic centimeter portions of chrome liquor of various concentrations. 
The bottles were kept sealed to prevent evaporation and were shaken 
once a week. At the end of 8.5 months the contents were filtered and 
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the powders washed free from soluble matter, dried, and analyzed, 
The results are shown in Fig. 139. They show that a hydrolysis of 
the chrome collagen and collagen sulfate compounds takes place in 
water and in very dilute chrome liquor, which was also shown by mi 
increase in hydrogen-ion concentration. 

With further increase in concentration of the chrome liquor, tlien 
is a steady addition of Cr^Oa and SO3,. approaching the conditicai (,f 
octachrome collagen. But with further increase in concentration ih,- 



Fig. 140.— Retardation of Chrome Tanning by Neutral Salts at Various 
Concentrations. 

curve does not fall below the tetrachrome value. This shows that ibc 
curve in Fig. 138 does not represent the equilibrium condition oi a 
reversible reaction. On the contrary, it suggests that the fall in die 
curves is due to the increasing hydrogen-ion concentration, which inhilnts 
the combination of collagen and chromium. 

Effect of Neutral Salts upon Chrome Tanning. 

In studying the effect of neutral salts upon the chrome tanning ct 
calf skin, Wilson and Gallun selected sodium sulfate and the chlorides 
of ammonium, sodium, lithium, and magnesium because of their differ- 
ent degrees of hydration in aqueous solution. The commercial chrome 

'•Tlie Retardation of Chronic Tanning by Neutral Salta. J. A. Wilson and E. •' 
Gallun. J. Am. Leather Chem. Assoc, is (1920), ayj. 
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Fig. 141.— Strips of Chrome Leather, All Originally^ of Equal Arra, 
Taken After Tanning for 24 Hours and Then Boiling in Water for 
5 Minutes and Drying. Compare with Curves in Fig. 140. 
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mixture which they used showed by analysis: CrgOs, 24.2 per cent; 
Fe20a, 0.6 per cent; AI2O3, 2.7 per cent; SO3, 39.5 per cent; Cl, 0.4 
per cent ; and basicity corresponding to the formula Cr{OH)i.4(S04)o.8. 
Solutions of this chromium preparation were mixed with solutions of 
the various neutral salts so as to give liquors containing 17 grams of 
chromic oxide per liter and definite quantities of salt. 

In each test a strip of pickled jcalf skin, 16 square inches in area, 
was covered with 200 cubic centimeters of chrome liquor, in a bottle, 
and shaken at intervals for 24 hours. The pieces of skin were then 
washed by shaking with successive changes of water until the wasli 
water gave only a very faint test for chloride or sulfate. Strips of 
equal area were cut from each piece and immersed in boiling water 
for 5 minutes, in order to determine the nearness to complete tanna;4e. 
The remaining portions were cut into small pieces, dried and analyzed. 
The effect of increasing concentration of the chlorides of ammoninni, 
sodium, lithium, and magnesium upon the amount of chromic oxide 
combined with a unit of hide substance in 24 hours is shown in Fig. 
140. In Fig. 14 1 are shown the strips of skins after being subjected to 
the action of boiling water for 5 minutes. The appearance of these 
strips parallels the curves, in a rough sort of way; that is, they gen- 
erally show the greatest shrinkage in area where the amount of com- 
bined chromic oxide is smallest. The first strip in each series proved 
to be fully tanned and showed no shrinkage in area. 

In another series of tests, chrome liquor having a concentration 
of 10 grams of chromic oxide per liter was used and the effect of 
sodium sulfate was studied in addition to the effect of the chlorides 
noted above. The results for the chlorides were practically the same 
as in the first experiment, except for the observation of a point of 
minimum in the sodium chloride curve at 2 moles per liter of salt and 
a slight rise to 3 moles. In the case of the sodium sulfate, there was 
a steady drop in fixation of chromic oxide from 10.09 grams per 100 
of hide substance when no added salt was present to 3.57 when the 
solution was saturated with the salt. 

Wilson and Gallun attributed the action of the chlorides, in jxirt. 
to their hydration. The removal of water from the role of solvent 
would have the practical effect of increasing the concentration of all 
of the constituents of the chrome liquor, expressed in terms of the 
free solvent. Fig. 137 shows that increasing the concentration of the 
chrome liquor from 17 grams of chromic oxide per liter does retard 
the rate of combination of collagen and chromium. That the chlorides 
actually concentrate the solute in the free solvent is also indicated by 
the fact that they increase the hydrogen-ion concentration as measured 
by the hydrogen electrode. But at half-molar concentration the effect 
only of magnesium chloride is in its expected relative position; being 
most highly hydrated it should produce the greatest effect, which it does. 
At 3-molar concentration all 4 chlorides are in an order inverse to that 
expected unless it may be assumed that at very high concentrations of 
chrome liquor a further increase in concentration causes an increased 
rate of tanning. 
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The action of sulfates is in a category different from that of the 
chlorides, as shown by the fact that they decrease the hydrogen-ion 
concentration of acid solutions and of chrome liquors. Wilson and 
(lallun suggested that the retarding action of sodium sulfate was prob- 
ably due to the formation of addition compounds between the added 
salt and the chromium compounds which tan less readily than the 
original chromium compounds, but that the action was further com- 
plicated by the hydration of the sodium sulfate. 



Fno. 142,— Retardation of Chrome Tanning by Neutral Salts and by Sucrose at 
Various Concentrations. 


In the hope of throwing further light on this complex action, Thomas 
and Foster studied the actions of sodium chloride, sodium sulfate, 
and sucrose upon chrome tanning. They prepared a pure chrome liquor 
by reducing pure sodium bichromate with sulfur dioxide and then 
expelling the excess of this gas. Portions of hide powder equal to 
5 grams of hide substance were covered with 50 cubic centimeters of 

** Influence of Sodium Chloride, Sodium Sulfate and Sucrose on the Combination of 
Chromic Ion with Hide Substance, A, W. Thomas and S. 13. Foster. J, Jnd. Eng, Chem, 
M (19M), I 3 i. 
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water in bottles and allowed to stand over night, when the salt or sugar 
to give the desired concentration was added. Finally 150 cubic centi- 
meters of chrome liquor were added, of such concentration that if it 
were diluted to 200 cubic centimeters it would contain 3, 15.5, or loo 
grams of chromic oxide per liter. The mixtures were rotated in a 
tumbling machine for 48 hours, filtered through muslin bags, and 
washed well with tap water and 3 times with 200'cubic centimeter 
portions of distilled water. The washed powders were then dried and 
analyzed as usual. 

The effect of increasing concentration of sodium sulfate, sodium 
chloride, and of sucrose is shown in Fig. 142. Analysis of the filtrates 
from the series of chrome liquors of intermediate concentration showed 
that increasing concentration of sodium chloride lowered the pH value 
from 2.90 to 2.20, while sodium sulfate raised it to 3.01. This con 
trasting effect is similar to that shown in Fig. 129. 

The curves representing the effect of sodium chloride all have points 
of minimum followed by an upward trend, which, in the case of sodium 
sulfate, is shown only where the chrome liquor is very concentrated. 
But sucrose is evidently without effect, except at 4-molar concen- 
tration. 

Because sucrose, which is hydrated in aqueous solution, show.s mi 
retarding effect upon chrome tanning up to 3-molar concentration, 
Thomas and Foster concluded that the retarding effect of the salts is 
probably due to some cause other than their hydration. They suggested 
that chlorides, as well as sulfates, form addition compounds with 
chromium salts rendering them less dissociated and, consequently, less 
active in combining with the skin protein. They liken the action to the 
decrease in toxicity of mercuric chloride in the presence of sodiinn 
chloride, which Rona and Michaelis ascribe to the formation of the 
complex ions HgCh' and HgCU". Upon increasing the concentration 
of salt still further, the hydration effects a virtual concentration of the 
chromium ions to such an extent that the retarding action of the 
addition compound formation is counterbalanced by the activity of 
the high concentration of chromium ion and the curves begin to slope 
upward. 

It may be questioned as to whether we are safe in drawing con 
elusions regarding the effect of hydration from the experiments with 
sucrose. Cor ran and Lewis found that potassium and chloride ions 
are soluble in the water of hydration of sucrose. The effect of neutral 
salts upon the hydrogen-ion activities of acid solutions, described in 
Chapter 4, seem to indicate that ions are not soluble in the water of 
hydration of salts. Thomas and Foster ascribe the retardation of 
chrome tanning by 4-mplar sucrose to the formation of a compound 
with chromium, analogous to the combination with other hydroxy 
compounds, such as tartrates. As will be shown presently, such com- 
pounds of chromium have no tanning power. 

^*Biochem, Z. 97 (19x9), 85. 

The Effect of Sucrose on the Activities of the Chloride and Hydrogen Ions, J. VV. 
Corran and W. C. M. Lewis. J. Am. Chem. Soc, 44 (i9aa), 1673, 
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Effect of Salts of Hydroxy-Acids upon Chrome Tanning. 

While investigating the failure of certain types of chrome liquor 
to tan pickled calf skin, Procter and Wilson found that the tanning 
action is checked and may even be reversed by the introduction of 
salts of hydroxy-acids into the chrome liquor. 

After the addition of Rochelle salt (potassium sodium tartrate) 
to a chrome liquor, a change occurs in the liquor which requires a 
considerable length of time for completion. Immediately after the 
addition, the chrome liquor is still precipitable by alkali, but the pre- 
cipitate slowly redissolves with time. If the liquor is allowed to stand 
for several hours before the addition of alkali, no precipitate forms 
at all. A color change in the liquor is also noticeable. 

A chrome liquor was made by rendering a solution of chrome alum 
basic with sodium carbonate and from this a series of solutions was 
prepared having a concentration of 13 grams of chromic oxide i)er 
liter and Rochelle salt in concentration ranging from zero to 50 grams 
per liter. A piece of calf skin was put into each solution, which was 
agitated occasionally for 24 hours. At the end of this time, all pieces 
in solutions containing 10 grams per liter or less of Rochelle salt were 
completely tanned, as determined by the boiling test, but those in the 
stronger solutions were not. These solutions all gave precipitates upon 
addition of sodium carbonate ; that containing 25 grams of the salt \^y 
liter gave a slight precipitate and that containing 50 grams gave none. 
The piece in the solution containing 25 grams became tanned after the 
addition of sodium carbonate but that in the solution containing 50 
grams could not be made to tan, regardless of the amount of alkali 
added. That the action of the Rochelle salt was on the chromium salts 
and not on the skin was proved by washing the skin that was still not 
tanned and placing it in a liquor containing no Rochelle salt, in which 
it quickly became fully tanned. 

The same results were obtained when the experiment was repeated 
with sodium citrate. The sodium salts of lactic, gallic, and salicylic 
acids were also found to prevent the precipitation of chrome liquor 
by alkali. Procter and Wilson attributed the action of Rochelle salt 
to the formation of a complex chromi-tartrate ion analogous to the 
^'upri-tartrate ion of Fehling’s solution. 

The fact that Rochelle salt will dissolve precipitates of chromic 
hydroxide led Procter and Wilson to suspect that it might have the 
ixiwer to decompose chrome leather. They soaked a piece of fully 
tanned leather in a normal solution of Rochelle salt over night and 
found, next day, that it would not stand the boiling test. But after 
washing and soaking in fresh chrome liquor, containing no Rochelle 
•^alt, it soon became fully tanned again. It was found that chrome 
leather can be detannized by Rochelle salt solution and then tanned 
?gain in fresh chrome liquor repeatedly, showing that chrome tanning 
IS a reversible action, under certain conditions. 

. .**Thc Action of Salts of Hydroxy-Acids upon Chrome Tanning. H. R. Procter and 
A. Wilson. J. Soc, Chem. Ind. 35 (1916), 156. 




Fig. 143— Vertical Section of Calf Leather. 
(Vegetable tanned.) 


Location: butt. 

Thickness of section: 40 u 
htain: none. 

Tannage: vegetable. 


Eyepiece: none. 

Objective: i6-mm. 

Wratten filter: K3-yeIIow. 
Magnification: 80 diameters. 
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Fig. 144. — Vertical Section of Calf Leather. 
(Chrome tanned.) 

Location: butt. Eyepiece: none. 

Thickness of section: 40 p. Objective: i6-mm. 

^tain: none. Wratten filter: K3-yellow. 

fannage: chrome. Magnification: 80 diameters. 
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The extent to which chrome leather can be freed from chromium 
by Rochelle salt was shown by soaking a piece of chrome leather in 
a normal solution of Rochelle salt for two weeks.* The solution was 
colored a deep green and the skin, after thorough washing, was found 
to be practically free from chromium and resembled a piece of bated 
skin. Upon heating with pure water, it was gradually converted into 
gelatin and the solution set to a firm jelly upon cooling. This work has 
since found application in preparing chrome leather wastes for manu- 
facture into glue and for the stripping of the chrome from the snrfart* 
of leather to be retanned with vegetable tanning materials. 


Comparison of Chrome and Vegetable Tanned Leathers. 

Ever since chrome tanning was first introduced, the relative merits 
of chrome and vegetable tanned leathers have formed the subject- 
matter for debate. Too often, however, the attempt was made to com- 
pare a poor grade of one kind of leather with a good grade of the otlier. 
without taking into consideration differences in the original skins and 
in the methods of manufacture of the leathers. Since the resistance 
of a leather to tearing, for example, is a function of the grease content, 
the moisture content, and the extent to which the thickness of the 
original skin has been reduced by splitting, any comparison between 
two kinds of leather must take all of these factors into consideration. 
There are, however, certain differences between chrome and vegetable 
tanned leathers that are incontrovertible and more or less independent 
of the details of manufacture. These only will be considered in mak- 
ing the comparison. 

• Figs. 143 and 144 represent vertical sections of vegetable and chrome 
tanned leathers made from the same skin. After bating, the skin was 
cut into halves along the line of the back bone. One half was tanned 
with chrome liquor and the other with vegetable tanning materials. 
When finished, each leather represented an excellent specimen of shoe 
upper leather of its particular kind. The sections shown in the figures 
are from the finished leathers and were cut from exactly corresponding 
points on the skin. 

The outstanding difference in appearance is the much larger size 
of the fibers of the vegetable tanned leather. In the chrome tanned 
leather, the fibers are thin, as in dried, raw skin, but in the \eg 
etable tanned leather, the fibers have grown to such an extent that 
they almost completely fill the interfibrillary spaces. But this differ- 
ence in size of the fibers is only what one would expect from the fact 
that 100 grams of skin protein combined with 57.0 grams of tannin, 
in the case of the vegetable tanned leather, as against only 7.2 grams 
of chromic oxide, in the other. This difference is responsible f'li 
the greater weight and solidity of vegetable tanned leather. Either 
leather can be made tough and as soft as desired by the introduction 
of a sufficient amount of oil, but the vegetable leather is capable 




Fig. 145. — Vertical Section of Horse Leather. 

(Cordovan— from shell.) 

Location: butt. Eyepiece: none. 

Thickness of section: 20 n. Objective: ib-min. 

Stain: none. Wratten filter: K3-yellow. 

iannage: chrome. Magnification: 70 diameters. 
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Fig, 146. Vertical Section of Goat Leather. 
Location: butt ^ Eyepiece: sX. 

Thickness of section: 40 ji. Objective: i6^nim. 

Wratten filter: H-blue green. 

Tannage: chrome. Magnification: 92 diameters. 
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Fig. 147. — Vertical Section of Slink Calf Leather. 
(Black ooze calf.) 

Location: butt. Eyepiece: 5X. 

Thickness of section: 30 ji. Objective: 

otain: none. Wratten filter: B-green. 

tannage: chrome. Magnification: 105 diameters, 
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absorbing a much greater quantity of oil without becoming raggy. r,y 
comparison with the vegetable leather, the chrome leather feeU 
empty. 

Another outstanding difference between the two kinds of leather 
is the relatively high sulfuric acid content of the chrome tanned leather 
compared to the negligible amount present in the vegetable leather. 
This particular sample of leather showed by analysis 6.65 grams of 
sulfuric acid per 100 grams of skin protein, which is typical of leathers 
of this type on the market. It should be recognized, however, tliat 
this sulfuric acid is not entirely free, but is combined either with 
the chromium com[X)unds or with the skin protein. Only a trace 
of acid is free at any one time, but as soon as this trace is removed by 
washing with water, more is immediately liberated by hydrolysis. 

Attempts to free chrome leather from sulfuric or other mineral 
acid, without damaging the leather in some way, have not been success- 
ful, so far as the author is aware. Reducing the content of sulfuric 
acid much below that normally occurring in chrome leather seems to 
cause brittleness, although the cause of this is not known. In makin^^ 
comparative tests, the author has always found shoes made from ve^^- 
etable much more comfortable, especially on long walks, than shoes 
from chrome leather and has attributed at least part of this difference 
to the hydrolyzable sulfate present in the chrome leather. 

The rise of chrome tanning has been favored by its sj^eed and 
comparative simplicity. The manufacture of vegetable leathers requires 
a much longer time and more labor. In the manufacture of light 
leathers, not sold by weight, tanners have naturally preferred to 
switch to the quicker method of tanning with chromium salts, although 
some of the best grades of upper leather are still tanned with vegetable 
tanning materials. In the manufacture of heavy leathers, sold by 
weight, tanners have been forced to adhere to the older method of 
vegetable tanning in order to get profitable yields. Incidentally, the 
author believes that they also get better leather. 

In Fig. 145 is shown a vertical section of chromed tanned horse 
hide, which should be compared with Fig. 105, of Chapter 13. Both 
of these sections are from corresponding points of the same hide, 
which was cut in two after bating, half being tanned in chrome liquor 
and half in vegetable tan liquors, as in the experiment with calf skin. 
The difference between the two kinds of tannage is even more noticeable 
here. 

Fig. 146 shows a fine specimen o-f chrome tanned ^at skin, such 
as is used in making kid shoes. Fig. 147 represents an unusually 
fine specimen of ooze, or suede, leather. This leather is worn witli 
the flesh side out, which gives it a velvety appearance. For the best 
grades, only slink skins are used because these are usually free from 
the blood vessels which are ordinarily abundant at the flesh bouiidarv 
of the skin and detract from the appearance of leather finished on 
the flesh side. In comparing the various sections, any differences in 
magnification noted must be taken into consideration. 
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Theory of Chrome Tanning. 

The simplest theory of chrome tanning is that it consists of the 
combination of chromium and collagen, forming a series of salts that 
might be called collagenates of chromium. From this chemical theory, 
there are theories of many shades and kinds all the way down to the 
assumption that chrome tanning consists of a precipitation of colloidal 
chromic oxide upon the surfaces of the skin fibers. 

In following chrome tanning by means of the microscoi)e, the 
author has observed the chrome liquor diffuse into the skin and also 
into the substance of each fiber, but without any visible sign of 
precipitation. When tanning was complete, each fiber looked like a 
transparent rod of green glass. This is similar to the phenomenon 
observed in vegetable tanning. 

Thompson and Atkin recently attempted to apply the Procter- 
Wilson theory of vegetable tanning to chrome tanning. The electrical 
charge on the collagen may be accepted as j)ositive during chrome 
tanning and it seemed improbable to Thompson and Atkin that com- 
bination takes place between positively charged collagen and a positively 
charged chromium ion or complex. In a review of 80 papers dealing 
with chromium salts, they found numerous contradictions on points 
of importance, but one fact seemed to stand out as definitely estab- 
lished. Chromic sulfate exists in solution in two modifications, one 
green, the other violet. At any temperature between o'^ and 100® C., 
a definite equilibrium exists between the two forms in solution, the 
green being more stable at high and the violet modification at lower 
temperatures. In the change from violet to green by raising the tem- 
perature, equilibrium is quickly reached, but in the reverse action, fol- 
lowing a lowering of the temperature, equilibrium is reached only after 
a long time. Thompson and Atkin offered the theory that chrome 
tanning is effected by an anion or negatively charged colloidal particle 
containing chromium and arising from the green modification of chromic 
sulfate. The action would then be similar to that described in the 
Procter-Wilson theory of vegetable tanning. 

In support of their theory, Thompson and Atkin cite a number of 
investigations showing that anodic migration occurred in the electro- 
phoresis of solutions of the green modification of chromic sulfate. 
It was pointed out by Seymour-Jones,^^ however, that this theory would 
be acceptable only provided it could be shown that all chrome liquors 
capable of tanning contain this negatively charged chromium complex. 

Bassett** electrolyzed solutions obtained by the reduction of 
potassium bichromate with sulfur dioxide. With fresh, dilute solu- 
fions, no precipitate was obtained with either barium chloride or 
ammonium hydroxide, indicating the absence of sulfate or chromic 

*' A Possible Theory of Chrome Tanning. F. C. Thompson and W. R. Atkin. /. Soc, 
i eat her Trades Chetn. 6 (192a). 207, 

/•The Electrophoresis of Chromic Solutions. F. L. Seymour-Joncs. In 4 . Eng. Chem. 
*5 O923). 265. 

/. Chm, Soc. 83 (1903), 69a. 
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ions. Bassett assumed the presence of complex chromo-sulfates of the 


type 


When fresh green solutions, containing a 


slight excess of sulfur dioxide, were electrolyzed under dilute sulfuric 
acid, a green boundary moved to the anode and a violet boundary to 
the cathode. With lapse of time the anodic migration decreased in 
speed and finally ceased altogether. 

Seymour-Jones points out that the cessation of anodic migration on 
standing is important to the theory, since it implies the breaking 
up of the negative complex to potassium sulfate, potassium sulfite, 
and chromic sulfate, and, consequently, the absence of chromium in a 
negative complex in ordinary chrome liquors. Moreover, if the green 
solution is due to chromic anion and the violet to chromic cation, 
pure violet solutions should not tan, according to the Thompson- 
Atkin theory, but Burton found that the violet modification tans more 
rapidly than the green. This seemed a natural finding in view of 
the fact that Blockey had previously shown that the hydrogen-ion con- 
centration of solutions of the green modification is very much higher 
than that of solutions of the violet modification. 

Ricevuto electrolyzed a lo-per cent solution of chrome alum and 
observed migration only to the cathode. Upon addition of sodiuni 
hydroxide, the solution became turbid and some particles moved to 
the anode. When the solution was rendered alkaline, the particles 
moved entirely to the anode, from which Ricevuto concluded that 
chrome tanning is possible only in alkaline solution, which we know 
to be quite contrary to fact. 

Seymour-Jones carried out a number of electrophoresis experi- 
ments on various chromic solutions for the purpose of testing the 
Thompson-Atkin theory. A U-tube was used which was provided 
with a stopcock in each arm a little above the bend. The chromic 
solution was placed in the bend below and up to the top of the stop- 
cock. Above this was placed a 0.05-molar solution of sodium sulfate. 
The U-tube was connected by stoppers with electrodes in small dis- 
tilling flasks, copper in saturated copper sulfate serving as the cathode 
and platinum in saturated sodium chloride solution as the anode. 
Diffusion of these solutions was prevented by cotton wool plugs. The 
ordinary house current of no volts D. C. was used, passing through 
a lamp filament to reduce the amperage to a convenient amount. The 
results are given in Table XXXVII. 

Wherever chrome liquor moved to the anode, it was of a pure 
green color, while that moving to the cathode was of a bluish green. 
The basic chromic chloride, which showed no anodic migration at 
all, was used to tan hide powder, which it did in quite the normal 
manner. This proves that the Thompson-Atkin theory is not of gen- 
eral application and suggests that it may not hold in any case. 


** Chrome Tanning, I. D. Burton. /. Soc. Leather Trades Chem. 4 (1920), 205. 
“Investigation of One Bath Chrome Liquors. J. R. Blockey. J. Soc. Leather Trade 


Chem. 2 (1918), aos. 
^KoIloU Z. 3 (1908), 


* 14 . 
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Seymour-Jones experimented upon the ultrafiltration of basic 
oliromic sulfate, such as is used in tanning, and found no colloidal 
matter. A chrome liquor was prepared by reduction of a solution of 
sodium bichromate with sulfur dioxide, the excess sulfur dioxide being 
driven off by boiling. The dark green solution contained 269.9 grams 
of chromic oxide per liter. This was ultrafiltered through hard filter 
papers impregnated with i-per cent and 5-per cent gelatin solutions, 
respectively, which were subsequently hardened with 4-per cent for- 
maldehyde solution. The solution was also ultrafiltered through a 


TABLE XXXVir. 


Direction of Migration of Chromium upon Ei.ectrolysis of Chrome Liquors. 


Solution Concentration 

Xa2Cr20T reduced with SOj. Solution 
13 months old. All free SO, re- 239.9 grams of 

moved CraOj per liter 

Crj( 504)1. Fresh, cold, green solu- 
tion 0.2-molar 

Cra( 504)1. Heated and cooled green 

solution o.2-molar 

CVjC 504)1 plus NaOH to make 

Cr0HS04 o.2-moIar 

Commercial chrome crystals, basic 

sulfate 166.5 grams of 

CraOa per liter 

CrCh plus NaOH to make CrOHCh. 45 grams CrCh 

per liter 

Chrome alum. Fresh, cold violet 

solution 0.2-moIar 

Chrome alum. Heated and cooled, 

green solution 0.2-molar 

( hrome alum. Heated and cooled, 
plus NaOH to make Cr0HS04... 0.2-molar 


Migration to 

Anode and Cath- 
ode 

Cathode only 

Cathode only 

Anode and Cath- 
ode 

Anode and Cath- 
ode 

Cathode only 


Cathode only 
Cathode only 
Cathode only 


collodion disc. In every case the solution passed through unchanged, 
tio colloidal particles being retained by the filter. The same result 
was obtained when the solution, diluted with 3 volumes of water, was 
allowed to remain in a collodion bag susi^ended in air. The original, 
concentrated solution and one diluted to 10 volumes with water were 
flialyzed in collodion bags against water, which was changed frequently. 
In less than 18 hours even the concentrated solution had completely 
dialyzed through the membrane, the liquid remaining in the bag being 
colorless. This shows that we are not dealing with a colloidal dis- 
persion in chrome tanning. 

T. W. Richards and F. Bonnet electrolyzed a basic chromic sulfate 
solution and found the migration entirely cathodic and there were 19.3 
grams of Cr transported per 96,580 coulombs. From this they con- 
cluded that each atom of chromium cannot be associated with more 

” The Colloid Chemistry of Basic Chromic Solutions. F. L. Scymour joncs. Ind. Ena, 
15 (1933), 75. 

Am, Aca 4 . Arts Sci. 39 (1903), i. 
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than two positive charges and probably with not more than one. Assuin^ 
ing that the sulfate ion alone migrates anodically with a mobility r.f 
70, the mobility of the chromium group is 41 assuming a single charge 
and 243 assuming a double charge, but the latter figure appears much 
too high. They suggest that the cation may be Cr(OH)2^, which 
Siewert and Whitney had shown to be the most probable cation in 
boiled solutions of chromic chloride or nitrate. 

The author’s view of the mechanism of chrome tanning is as fol- 
lows: Although the degree of ionization of the carboxyl groups of 
the protein, in which a hydrogen ion passes into solution, may be- 
come extremely small with increasing acidity, it never becomes zero. 
This means that, even if the electrical charge on the protein structure 
is predominantly positive, there still remain a relatively small number of 
negatively charged groups scattered throughout this structure. 
Cr(OH)2^ or ions of a similar nature, diffuses into the jelly com- 
posing the fibers of the skin and combines with these negatively 
charged groups wherever encountered. Having neutralized the elec- 
trical charges on each other, both the collagen and chromium groups 
become capable of ionizing further, the chromium group giving off 
another hydroxide group and the collagen a hydrogen ion. With a 
repetition of this process, all three bonds of the chromium become 
united directly with the collagen structure. The fundamental as- 
sumption underlying this view is that however small may be the con- 
centration of negatively charged groups in the collagen structure under 
the conditions of tanning, it is very much larger than would result 
from the dissociation of the chromium compound of collagen. 

This theory is not antagonistic to the Procter-Wilson theory of 
vegetable tanning, but actually supplements it. In vegetable tanning, 
the tannin probably attaches itself to the amino or other basic groups 
of the protein structure; in chrome tanning, the chromium attaches 
itself to the carboxyl or other acid groups. This is corroborated by 
the fact that chrome tanning apparently does not lessen the capacity 
of the skin for combination with vegetable tanning materials, or vice 
versa. Wood found that plates of gelatin tanned with chromium were 
capable of combining with as much tannin as before the chrome 
tanning, suggesting that the chromium and tannin are not attached 
to the same groups in the protein structure. This is not in accord with 
the Thompson-Atkin theory, in which both chromium and tannin would 
be attached only to the positively charged groups of the protein. That 
the collagen undergoes a chemical change in chrome tanning is proved 
by the fact that it loses its property of being convertible into gelatin 
by contact with boiling water. 

^ Ann. Chem. Phartn. ia6 (1863), 86. 

•® 2 . physik. Chem. 20 (1896), 40. / 

•^Th( Compounds of Gelafin and Tannin. T. T. Wood. J. Soc. Qhem, Jnd, 27 (19^8). 
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Chapter 15. 

Other Methods of Tanning. 

Of the innumerable substances capable of combining with collagen, 
the only ones classed as tanning agents are those whose compounds 
with collagen are but little dissociated, imputrescible, incapable of swell- 
ing greatly in water, and stable under ordinary condition and which 
cause the skin fibers to lose their tendency to glue together during 
drying. The suitability of a material as a tanning agent naturally de- 
pends upon its availability and cost, the simplicity of its use, and the 
properties of the leather which it yields. The high quality and yield 
of leather given by the natural vegetable tanning materials and the 
simplicity of tanning with chromium compounds make these two classes 
of materials the favorites in leather manufacture. Other materials, 
however, find a place in the manufacture of special types of leather, 
either alone or in conjunction with vegetable or chrome tanning 
materials. 

Combination of Chrome and Vegetable Tanning. 

Attempts to combine the advantages of both chrome and vegetable 
tanning have met with some success for certain classes of leather. 
During the war there was a demand for vegetable tanned leather for 
shoe uppers, but the length of time required for the tanning of hides 
to produce this leather made it impossible to meet the demand. The 
tanning could be done quickly enough with chrome liquors, but the 
resulting leather was not suitable. It was found, however, that the 
leather could be made to serve the purpose tolerably well by giving it 
a partial tannage in vegetable tan liquors after it had been completely 
tanned with chrome. The best example of this was the so-called dirome 
retan army upper leather, a vertical section of which is shown in 
Fig. 148. This leather was made from cow hide and was first tanned 
with chrome liquor and then hung in vegetable tan liquor for a few 
days, or until the tan liquor had penetrated more than half of the 
thickness of the hide. The hide was then split down to the required 
thickness, although the splitting was done before the retanning in 
some cases. The lightly colored band running across the lower half 
of the picture represents the inner layer of the hide to which the 
tan liquor did not penetrate. It appears nearer to the flesh surface 
only because the hide was split after retanning. It will be noted 
that the fibers in the retanned portions are larger than those in the 
pure chrome layer. At the lower left hand corner, a fiber can be 
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Fig. 148.— Vertical Section of Chrome-Retan Army Leather. 
(Cow hide.) 
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seen running from the retanned to the pure chrome layer; its size 
decreases noticeably. 

The advantage of the preliminary chrome tanning lies in the speed 
with which the subsequent vegetable tanning operation may be carried 
out. The chrome tanned hides may be put at once into liquors stronger 
than usual, which hastens the rate of penetration, and it is not neces- 
sary to wait for complete diffusion, since the chrome tanning of 
the middle, layer renders it imputrescible. The vegetable retanning 
adds firmness to the leather and also reduces the sulfuric acid content 
of the chrome leather to about half its normal value. 

Alum Tanning. 

The use of aluminum salts for tanning skins dates back to very 
early times and is still applied to some kinds of leathers and in the 
manufacture of some furs. It never gained the popularity accorded 
to chrome tanning, however, because the initial compounds formed be- 
tween collagen and aluminum compounds are much less stable than the 
ones formed with chromium compounds. Assuming that aluminum 
hydroxide is a stronger acid than chromium hydroxide, our theory of 
chrome tanning offers a plausible explanation of this fact. It would 
then be more difficult for all three bonds of the aluminum to combine 
with collagen. Where only two bonds of the aluminum are combined 
with collagen, we should expect the resulting compound to be very 
much more readily hydrolyzed than where all three bonds are com- 
bined. After drying and storing for months, alum leathers become 
much more stable and resistant to washing, suggesting that the com- 
bination of the third bond of the aluminum with collagen requires a 
long time. 

Some support is given to this view by the work of Lumiere and 
Seyewetz ^ and of A. and L. Lumiere ^ on gelatin. They studied the 
combination of both chromium and aluminum salts with gelatin and 
found maximum limiting values for the extent of combination of 
metal with protein, under the conditions of their experiments. They 
found that lOO grams of gelatin combine with a maximum of 3.6 grams 
of AlgOa or 3.2 to 3.5 grams of CrjOa. Taking 768 as the equivalent 
weight of gelatin and assuming that it combines with all three bonds 
of the chromium or aluminum, we calculate that 100 grams of gelatin 
would combine with 3,30 grams of CraOs or 2.21 grams of AhOj. 
The agreement in the case of the chromic oxide is good, but the ob- 
served amount of combined alumina is about fifty per cent greater 
than that calculated, which, however, would be expected if only two 
bonds of the aluminum combined with the gelatin. 

In any case alum tanning must be conducted very differently from 
chrome tanning. Chrome leather is resistant to washing immediately 
after tanning, but if freshly tanned alum leathers are washed, aluminum 
salts are given up and the skins swell as in dilute acid. 

* Composition of Gelatin Rendered Insoluble by Salts of Chromium Sesquioxidc. A L 
Lumiere and A. Seyewetz. Bull. soc. chim. 39 (1903), 1077. 

• Action of Alums and Aluminum Salts on Gelatin. A. and L. Lumiire. Brit J Phut 

53 (1906), 573. * * 




Fig. I49.-Vertical Section of Persian Lamb Fur. 

Location: (?). 

Tannage; aluii*^'™' MWfi" f'*"’ *«“■ 

Magnification; 90 diameters. 
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In practice the skins are tumbled in a solution of basic aluminum 
sulfate and enough sodium chloride to prevent undue swelling of the 
skin. It is sometimes desirable to add enough sodium bicarbonate to 
the liquor, after the alum has completely penetrated the skins, to 
bring it to the point at which precipitation just begins. After a 
tew hours longer, or next day, the skins are rubbed with a mixture 
of egg yolk, cottonseed oil, and flour, but are not washed. They 
are then allowed to dry thoroughly. Sometimes the egg yolk mixture 
is added to the tanning bath. The skins are kept in the dried state 
for weeks, or months, to give the aluminum time to become permanently 
lixed. The skins are then soaked in water to remove the salt and are 
fatliquored and colored and finished according to the kind of leather 
required. 

In tanning skins for furs, it is customary to work the alum solu- 
tion into the skin from the flesh side, supplemented with oils to 
keep the skin soft. Work of this kind is usually done by hand and 
requires some skill in order to get the best results. Fig. 149 shows a 
section of alum tanned fur, known as Persian lamb. Skins for this 
fur are from specially bred lamb slinks. In this ixirticular skin, the 
wool and skin were dyed black with logwood and iron salts. 


Iron Tanning. 

The tanning properties of ferric salts have been known for more 
than a century, but attempts to manufacture iron tanned leathers have 
met with so many difficulties that the subject still remains in the ex- 
l)erimental stage at this late date. Procter^ points out that jxirt of 
the trouble is due to the fact that iron salts are oxygen carriers. 
Ferric salts readily give up oxygen to certain kinds of organic matter, 
being reduced to the ferrous state, in which they take up oxygen from 
the air, under suitable conditions, returning to the ferric state. In 
this way a slow oxidation of the leather occurs, with consequent 
deterioration. 

Jettmar* found the greatest difficulty in iron tanning to be that 
of proper neutralization of the leather. If chrome leather contains 
too high a proportion of sulfuric acid, it becomes very brittle upon 
drying and assumes a very dark green color. But the proper degree 
of neutralization of chrome leather is a comparatively simple matter. 
In attempting to neutralize iron tanned leather, Jettmar found that 
the iron salts became colloidally dispersed and were washed out of 
the leather. Apparently the neutralization is necessary to bring about 
a permanent combination between iron and collagen, but the iron com- 
pounds pass into the colloidal state, upon neutralization, before they 
have had the opportunity to combine with the collagen. Since col- 
loidal ferric oxide carries an electrical charge of the same sign as 
that on the collagen in acid solution, there would be no tendency for 

* The Principles of Leather Manufacture. 2nd Edition, p. 275. 

‘Iron Tannage. J. Jettmar. Cuir. 8 (1919), 74, 106. 
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the two to combine. This difficulty was partly overcome by using a 
strong solution of neutral salt to prevent the formation of colloidal 
ferric oxide during the neutralization. The iron tanned leather was 
improved in quality by retanning it with formaldehyde. 

Rohm ® patented the use of the salt FeS04Cl for tanning. It is 
obtained by the action of chlorine upon ferrous sulfate. Just why 
this salt should have unusual tanning properties is not made clear. 

A good summary of much of the work done on iron tanning is con- 
tained in a paper by Jackson and Hou,® who carried on an extensive 
investigation of the tanning properties of iron salts. They pointed 
out that investigators generally seem to have the idea that the salt 
responsible for the tanning action has the formula FeOHSO^, whereas 
this salt is not stable in solution, but invariably gives a precipitate 
of hydrated ferric oxide. They attribute the brittleness usually as- 
sociated with iron tanned leathers to improper tanning, resulting fidm 
the precipitation of this hydrated ferric oxide. They showed that 
ferric sulfate is much more readily precipitable than chromic sulfate 
by diluting a solution of the two. With increasing dilution, there was 
a progressive precipitation of iron, but the chromium remained in 
solution. 

Jackson and Hou prepared iron tanned leather which they were con 
vinced compared favorably with other mineral tanned leathers. Its 
character seemed to lie between that of alum and chrome leathers. It 
would not stand the action of boiling water, but would shrink when 
brought into contact with water having a temperature above 75"" 
They summarize the chief factors in their findings as follows: The 
iron salts must be kept in the ferric state by using an excess of a 
proper oxidizing^ agent and by means of an after oxidation. During 
tanning, the acidity of the liquor must be so adjusted as to give a basic 
salt of iron in which the ratio of equivalents of hydroxide groups lo 
equivalents of acid radical is never less than 1 15 nor more than i 
Neutralization must be effected so gradually as to effect a uniforin 
fixation of iron throughout the skin. The leather must be dried 
before subsequent treatment in order to minimize the reactions between 
free iron and materials used later that would give the leather an 
undesirable color. 

During the war the scarcity of tanning materials forced Germanv 
to investigate every available source, including iron salts, and had 
the war continued long enough, she might have been forced to produce 
iron tanned leathers on a large scale. But, unless iron leathers are 
produced which are at least the equal of chrome leather, it is doubt- 
ful that they will ever be made on an extensive scale, except in cases 
of emergency, because the total cost of tanning material used in 
making chrome leather is small compared to the loss in selling price 
that would result from even a very small depreciation in quality cf 
the leather. 

•British Pat, 146,214, June 26, 1920. 
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OTHER METHODS OF TAHNING 


315 


Tanning with Silicic Acid. 


Like tannin, colloidal silicic acid is negatively charged and pre- 
cipitates gelatin from solution. In 1862 Thomas Graham' studied 
the precipitation of gelatin by silicic acid and reported as follows: 
' Silicate of gelatine falls as a flaky, white and opaque substance, 
when the solution of silicic acid is added gradually to a solution of 
gelatine in excess. The preci]>itatc is insoluble in water and is not 
(iKomposed by washing. Silicate of gelatine, prepared in the manner 
described, contains 100 silicic acid to about 92 gelatine. In the humid 
state the gelatine of this compound does not putrefy. When a solution 
of gelatine was poured into silicic acid in excess, the co-silicate of 
gelatine formed gave, upon analysis, 100 silicic .acid with 56 gelatine.” 

This experiment inspired Hough® to experiment with silicie acid 
as a tanning agent. He found that a purilied silica sol is much too 
easily precipitated to be of any value as a tanning .agent, but linally pre- 
pared a solution of silicic acid caixible of tanning by adding a thirty- 
per cent solution of sodium silicate to a thirty-per cent solution of 
hydrochloric acid until the concentration of free acid was reduced 
to decinormal. If the acid is poured into the sodium silicate solution, 
the silica will be precipitated when the neutral jwint is approached; 
the silicate must always be poured into the acid solution whose strength 
must not be allowed to fall below decinorm,al. 1 he tanning proceeds 
a little faster than is the case with vegetable tanning, light skins being 
fully tanned in from 3 to 5 days, and heavy bull hides in about a 
month. The leather usually contains from 17 to 24 per cent of silica; 
in fact one of the difficulties of the process is to prevent too great a 
combination of silica with the skin protein. The leather is pure white 
and may be finished like ordinary chrome leathers. 

Hough attributes the failure met with in attempting to combine 
silica and vegetable tanning to the fact that both the silica and tannin 
are negatively charged and tend to combine with the same amino 
groups of the collagen structure. On the other hand, good leathers 
were produced by a combined silica and alum tann.age, probably be- 
cause the alum attaches itself to the carboxyl groups of the collagen. 
The presence of alum, however, seemed to retard the tanning, pos- 
sibly on account of the condensation of aluminum silicate on the surface 
of the skins hindering the penetration. But by giving the skins a pre- 
liminary chrome tannage and then putting them into the silica liquors, 
the rate of tanning was increased and the final leather had greater 
solidity and firmness. 

In discussing the evolution of the different methods of tanning, 
Thuau* states that one serious fault with silica tanning is that the 
eather, after keeping for a few months, tears very easily, probably 
because of the action of the silicic acid on the leather fibers. If 


' J. Chftn. Soc. 15 (1862), 246. 

Tanning with Silica. A. T, Hough. Cuir. 8 (1919) 209, 257, 314. 

80 Different Methods of Tanning. U. J. Thuau.' Cuir. 9 (1921), 10 
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this difficulty could be overcome, he predicts that the process might 
supplant chrome tanning. 


Miscellaneous Mineral Tannages. 


Sommerhoff claims to have discovered that certain insoluble sul- 
fides, silicates, hydroxides, and phosphates of the heavy metals have a 
marked tanning effect on skin, when freshly precipitated or colloidally 
dispersed, in one experiment, copper sulfate was precipitated wiiu 
disudium phosphate. Ihe jelly-like precipitate was filtered off and 
then suspended in water and shaken with a piece of hide, which be- 
came completely tanned in about two hours. The leather contained 
about 13 per cent of ash. Whether Sommerholf really obtained a 
tanning action is difficult to determine from his paper, but the subject 
seems not to have been carried very far. 

Garelli found that the tanning properties of cerium chloride are 
much like those of aluminum salts, provided the solution used fur 
tanning is made sufficiently basic and dilute. With properly adjusted 
conditions, he obtained a pliable, white leather containing about 9 per 
cent of LCaOs. Garelli and Apostoio were not so successful m 
attempting to tan skin with salts ot bismuth. If any compound between 
the bismuth and collagen were formed, it was unstable, the skin re- 
turning to the raw condition upon washing in cold water. 

The experiments of Apostoio seem to indicate that freshly pre- 
cipitated suitur has tanning properties. He added a small amount ol 
lactic acid to a concentrated solution of sodium thiosulfate, which be- 
came turbid, due to the precipitation of sulfur. Into the turbid solu- 
tion he put a piece of skin, which apparently absorbed all of the free 
sulfur. Ihe sKin was withdrawn long enough to add a little more acid 
to liberate more sulfur, Ihe skin was returned to the liquor and it 
again absorbed all of the sulfur in suspension. This was repeated a 
number of times, care being taken to avoid using acid in excess of the 
amount of sodium thiosuitate present. The leather obtained is de- 
scribed as white, extraordinarily soft, and of beautiful appearance. 
It did not swell when left for 24 hours in cold water, and when dried 
and stretched again had lost none of its quality. The leather gave 
up only I per cent of sulfur to carbon disulfide and this seemed to 
have been merely mechanically held, as the remaining skin seemed still 
to be fully tanned, and contained 2.5 to 3.5 per cent of sulfur. The 
leather was decomposed, however, when brought into contact with hot 
water, 

Meunier and Seyewetz made the rather startling discovery that 
chlorine and bromine have tanning properties. Plates of gelatin are 


The Tannage of Hide by Means of Insoluble Metallic Jellies. E. 0 . Sommerholf. 
Collegium (1913), 381. 


432. 


" Tannmg by Means of Cerium Salts. F. Garelli. Collegium (1912), 418. 
>* Action of Bismuth Salts on Skins. F. Garelli and C. Apostoio. Coll 


Apostoio. Collegium (i9i3)> 

“Tanning of Hides with Freshly Precipitated Sulfur. C. Apostoio. Collegium (1913), 

“ New Studies Dealing with the Tanning of Gelatin and of Skin. L. Meunier and A. 
Seyewetz. Collegium (1911), 373. 
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rendered insoluble by contact with aqueous solutions of either bromine 
or chlorine, in the presence of salt to prevent swelling. The gelatin 
evidently combines vigorously with either element. Raw skin was 
found to be affected similarly. Iodine had no such effect on either 
p^elatin or skin. The authors suggested the use of chlorine or bromine 
as a preservative for skin and also as a tanning agent to be used 
prior to tanning by other methods for all kinds of skins. The leather 
obtained is absolutely imputrescible and resistant to cold, but not boiling, 
water. 


Tanning with Oils. 

One of the commonest examples of oil tanned leather is the ordi- 
nary chamois leather. This is made from the reticular layer of sheep 
skin, which is split from the grain layer so that the two may be tanned 
separately for very different purposes. The flesh splits are soaked 
with cod oil and pummeled in specially designed machines in order to 
assist the penetration of the oil. A combination of oil with the skin 
protein takes place with the evolution of acrylic aldehyde and other 
pungent products and the development of a considerable amount of heat. 
Oxidation of the oil occurs simultaneously. The pummeling, or stock- 
ing, is stopped occasionally and the skins are spread out to cool off, 
after which the stocking is continued. The completion of the process 
can only be determined by practice. After tanning, the splits are 
soaked for a few hours in warm water and then pressed to remove 
uncombined oil, which is sold under the name moellon degras. The 
oil still adhering to the skins is removed by washing with a solution 
of sodium carbonate. The skins are then bleached in strong sunlight. 

The nature of the combination of oils with collagen has been studied 
by Fahrion^® and by Meunier.^® According to Fahrion, the un- 
saturated, free fatty acids are the active tanning agents of the fish oils 
in chamoising. The active acids have at least two double bonds and 
upon oxidation they assume a peroxide structure represented by the 
formula 

r_CH-CH-, . . .COOH 

II II 

0 0 o 0 

Representing collagen by the simplified formula R'NHz, the combina- 
tion of oxidized fatty acid and collagen, according to Fahrion’s view, 
would yield the following compound: 

. .-CH 

1 I ' 

HO OH O 

/ 

R'NH 

** Theory of Leather Formation. W. Fahrion. Z. angew. Chem. (1903), < 56 $; (1911). 
2083. 

Modem Theories of the Various Methods of Tanning. L. Mcunicr. Chimii & iV 
dttsirU I (1918), 71, 272, 


-CH-. . .COOH 

I 

0 

\ 

HNR' 



3i8 the chemistry OF LEATHER MANUFACTURE 


He considers that this combination is followed by a conversion into 
the lactone 


O- 


r_CH — CH- 

I 

OH 


-CH-CH-. . .CO 

I I 
o o 


/ 


R'NH 


\ 

HNR' 


and tliat only a portion of the peroxide acids enter into combination 
with the protein matter, the rest being converted by molecular re- 
arrangement into hydroxy-acids, thus 


— CH — CH — 

0 0 


= -CO-CH- 

I 

OH 


These hydroxy-acids are then converted into lactones which are re- 
tained by the fibers, being resistant to the alkaline washing which 
completes the manufacture of chamois leather. The aldehydes formed 
in the process probably also exert a tanning action on the skins. 

According to Meunier, the tanning power of fish oils is due to 
the presence of free fatty acids possessing four double bonds of which 
at least two are capable of combining with oxygen to give the peroxide 
structure shown above. Thus if a skin, previously dehydrated with 
alcohol, be treated with an alcoholic solution of oleic acid, a soft 
leather is obtained, but after draining off the alcohol to remove the 
excess of oleic acid, the skin does not show any sign of being tanned 
when placed in water. Substituting the fatty acids of rape oil for 
oleic, a yellow leather somewhat more resistant to the action of water 
is obtained. These acids belong chiefly to a series possessing two 
double bonds and include a little linolenic acid, with three double 
bonds. Substituting the fatty acids of linseed oil, rich in linolenic 
acid, the leather obtained is still more resistant to water, but is not the 
equal of that made from the fatty acids of cod oil possessing four 
double bonds. 


Tanning with Aldehydes and Quinones. 

Payne and Pullman patented the use of formaldehyde as a 
tanning agent in 1898. Since then a number of investigators have 
studied the action of various aldehydes upon gelatin and skin protein. 
Some aldehydes, like benzaldehyde, show little or no tanning power. 
The use of formaldehyde has frequently been suggested as a means 
of preparing skins for tanning with vegetable tanning materials by the 
newer rapid methods, in which stronger tan liquors are used. The 
formaldehyde adds very little weight to the leather, but its combina- 

” British Pat. 2872, Feb. 4, 1898. 
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tioii with skin prior to vegetable tanning lessens the astringency of 
the tan liquor and increases its rate of diffusion into the skin. 

Hey“ observed that formaldehyde has tanning properties only in 
solutions having a pH value greater than 4.8 and that the best prac- 
tical results are obtained when the pH value lies between 5.5 and lo.o. 
At higher pH values the skin becomes swollen and the surface be- 
c(»mes almost impermeable to the formaldehyde not combined with 
the skin at the surface. Meunier suggests that oxidation of the skin 
proteins, affecting the amino groups, precedes combination with either 
aldehydes or quinones, whose tanning properties were discussed in 
Chapter 13. When quinone combines with skin protein, part of the 
uiicombined quinone is reduced to quinol, which Meiinier attributes 
to the oxidation of protein. 

Meunier also studied the action of gallic acid, naphthols, quinol, 
pyrogallol, diaminophenol hydrochloride, and resorcinol u\xfn gelatin. 
When these substances are dissolved in dilute solutions of sodium 
carbonate and exposed to air, they act slowly iq)on gelatin, rendering 
it insoluble in boiling water. Without access to the air, however, 
this action is not obtained. 


Tanning with Syntans. 

In vegetable tanning, in slightly acid solution, combination takes 
j)Iace between positively charged protein and negatively charged colloidal 
particles of tannin. A distinct advance in the science of tanning was 
made when Stiasny^® discovered that water soluble products can be 
obtained by mixing phenolsulfonic acids with formaldehyde, under 
the right conditions, in which the ixirticlcs formed are negatively charged 
in acid solution, precipitate gelatin dispersions, and j)ossess marked 
tanning properties. Equal parts of cresol and sulfuric acid are heated, 
with stirring, for two hours, the temjaerature being kept at about 105° C. 
The mixture is then cooled to 35° C. and i molecule of formaldehyde 
is added for each molecule of cresol present. The important point 
to be observed is that the formaldehyde must be added very slowly 
and the temperature must not be allowed to rise above 35° or the 
ordinary insoluble products may be obtained. 

According to Grasser,^^ the reaction proceeds as follows: 


2 


OH 

/\ 


\/ 

HSOa 


CH, 


+ HCOH = 



OH 

HS03 


besides cresols, naphthalenes and higher hydrocarbons are also used 
in the preparation of these synthetic materials, now commonly called 

“Formaldehyde Tannage. A. M. Hey. /. Soc. Leather Trades Chem. 6 (1922), 131. 
“A New Synthetic Tannin. E. Stiasny. Collegium (1913), 

“Synthetic Tannins. G. Crasser. English translation by F. C. A. Etina. Crosby Lock* 
Wood & 3on, Londoja 
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syntans. For an interesting discussion of these, the reader is refencfl 
to Grasser^s recent book. 

Raw skin can be tanned by simply immersing in a pure solution of 
these syntans, provided the concentration and acidity are properly 
adjusted. With decreasing acidity, they seem to lose their tannin^r 
properties. A typical commercial syntan preparation examined by tlic 
author showed a titrable acidity of 0.65 gram equivalents per liter 
and a pH value of 0.63. Crasser found that concentrated solutions of 
Neradol D, the original syntan, actually cause a gelatinization of raw 
skin, which might have been expected from its high acidity. But when 
used at sufficient dilution, no ill effects were observed at all and a 
tough, white leather was obtained. Since syntans add much less weight 
to skin than natural vegetable tanning materials, they are seldom 
used alone, but appear to have valuable properties when used in con- 
junction with other materials for certain kinds of leather. 

Like formaldehyde and quinone, syntans act upon skin in such a 
way as to lessen the astringent effects of strong tan liquors upon it. 
Syntans, having a lower molecular weight than tannins, diffuse into 
the skin at a much greater rate and also combine with it. This partial 
tannage lessens the rate of combination of the tannin with the skin, 
thereby increasing its rate of diffusion. The syntan solution may he 
used as a drench for deliming the skins prior to vegetable tanning or 
may be added directly to the tan liquors. Like any strongly acid 
material, however, it must be used with caution and proper control. 

The high acidity of ordinary syntan solutions makes them suitable 
for the bleaching of leather, the color of the leather becoming lighter 
with increasing acidity, or decreasing pH value, within limits. 

Another valuable property of these syntans is their power to effec t 
the solution of phlobaphenes and other difficultly soluble tannins. Gras- 
ser found that the phlobaphenes of quebracho were rendered soluble 
by solutions of Neradol D or sodium phenolsulfonate, but not by the 
free sulfonic acid. The action of the sodium salt, however, may be 
attributed at least partly to the pH value of its solution, since the 
author found phlobaphenes to be very soluble at pH values above 7. 
Since the phlobaphenes are probably oxidized tannins, it is possible 
that the syntans exert a reducing action upon them, but the real nature 
of the action is not known. 

The method of determining the extent of penetration of Neradol 1 ) 
in tanning is to wash a strip of the skin, make a cutting, wash the 
cut portion, and then treat it with a few drops of dilute ferrous 
ammonium sulfate solution, which color the tanned layers a deep blue. 

Another material that should be mentioned in connection with 
syntans is the waste sulfite liquor from the paper mills, known as 
sulfite cellulose. This material, purified for tanning purposes, is sold 
under the name of spruce extract. The active tanning agent of this 
material appears to be the free lignosulfonic acids. Spruce extract 
possesses undoubted tanning properties, but does not yield a satis- 
factory leather when used alone in the ordinary way. But when mixed 
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with other materials. such--as quebracho extract, it acts much like 
many natural vegetable tanning .materials. Its very low costs finds 
it a place as a filler in the manitfacture Of sole leather. Hill and 
Merryman describe a method oY increasing the filling properties 
of spruce by the use of syntans. jSole leather is first soaked in a 
concentrated solution of spruce and' then drummed with a solution of 
syntan. They claim that the spruce is precipitated inside of the leather 
by the syntan, greatly increasing the weight and at the same time 
brightening the color and lessening the need for bleaching. 

The chemist has almost unlimited possibilities before him in the 
development of new materials to supplement the ever diminishing supply 
of natural tannins. 

Some Applications of Synthetic Tanning Materials, J. B. Hill and G. W. Merryman. 
;. Am. Leather Chem. Assoc. 16 (1921), 484. 



Chapter i6. 

Finishing and Miscellaneous Operations. 

The mere conversion of raw skin into leather does not, as a rule, 
make it suitable for the various purposes for which leather is used. 
For some kinds of leather, more work is required in the operations 
following the actual tannage than in the tanning and all prccedin;^^ 
operations put together, h'ach of the innumerable kinds of finished 
leather requires a special series of operations after tanning and nothins.^ 
short of an encyclopedic work could adequately treat the details of 
operations, even for the commoner leathers. For this reason, the fdl- 
lowing brief treatment is limited to the fundamental principles under- 
lying the few general processes common to large classes of leathers. 

Bleaching. 

In vegetable tanning there is often a deposit of phlobaphcncs dr 
of ellagic acid on the surfaces of the leather which, if left there, Wdiild 
interfere with the coloring of the leather, giving rise to irregularities. 
It also frequently happens that the color of the leather becomes dark 
through oxidation and this may not be entirely uniform over the sur- 
face of the leather. Bleaching is a process designed to give the leather 
a lighter and more uniform color before it is sent to be dyed and 
fatliquored. It usually consists in giving the leather a bath first in a 
dilute alkaline solution and then in an acid one, sodium carbonate and 
sulfuric acid generally being used for the purpose. 

When the leather is soaked in dilute sodium carbonate solutidii. 
the phlobaphenes and ellagic acid pass into solution, being soluble at 
pH values greater than 7. At the same time the tannins are stripjK'd 
from the surfaces of the leather ; it was shown in Chapter 13 that this 
stripping action proceeds at an increasing rate as the pH value is 
increased above 8. The sodium carbonate solution is usually allowed 
to act for only 10 or 15 minutes and the leather is then rinsed 
free it from the soluble products on the surface. It is then treated 
with a dilute solution of sulfuric acid, which checks the action of 
the sodium carbonate and at the same time lightens the color of the 
remaining fixed tannins by lowering the pH value, the color being a 
function of pH value, as pointed out in Chapter ii. In this way th.c 
grain surface is cleared and the color brightened. After the bleacii- 
ing, it is customary to replace the tannin lost from the surface by 
giving the leather a short tannage in clear tan liquor. 
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The use of sulfuric acid in bleaching leather has been condemned 
on the ground that it slowly destroys the leather, if not subsequently 
removed. When sulfuric acid is present in vegetable tanned leather 
in excess of i per cent of the weight of the leather, the leather may 
look all right for two or three years, but gradually deteriorates and 
in time will become as tender as blotting paper. The tanner usually 
takes care that the amount of acid used is not excessive or counter- 
acts it by using an alkaline fatliquor, which neutralizes any acid 
left in the leather. Other bleaching agents sometimes employed are 
sodium bisulfite, organic acids, and syntans. 

Stuffing and Fatliquoring. 

Although the tanning of skin lessens the tendency for the fibers 
to glue together upon drying, it does not lubricate them so that they 
slip easily over one another. In fact, when leather is dried after 
tanning, without further treatment, it is usually very stiff and will 
crack upon bending sharply. In order to give it the desirable soft- 
ness and pliability and to increase its tensile strength and resistance 
to tearing, oils and greases are incorjxirated into it to lubricate the 
fibers. 

The amount of oil added to leather varies greatly according to 
the use to which the leather is to be put. In sole leather, where 
stiffness is desired, only 2 or 3 per cent of sulfonated oil is used and 
this is often added along with the concentrated tan liquor or other 
material used to fill and weight the leather. Waxed leathers, used for 
waterproof shoes, may contain as high as 30 per cent of oils, waxes, 
and stearin. 

The direct application of oils and greases to leather, either by 
hand or by drumming in the molten greases, is known as stuffing 
and is used where it is desired to incorporate a large amount of grease 
into the leather. Where only a small amount of oil is desired in the 
leather and it is essential to have it fairly uniformly distributed, 
it is best to apply the oil in the form of an emulsion, in which case 
the process is known as fatliquoring. 

In dry stuffing, the dried leather is treated with hot, molten 
greases, which penetrate rapidly. This method is suitable only where 
it is desired to have a finished leather containing upwards of 20 
per cent of grease. For leathers with less grease, it is preferable 
to apply the greases to the wet leather. In belting leather, for ex- 
ample, it is customary to swab a mixture of cod oil and tallow over 
the surfaces of the leather while thoroughly wet. The leather is 
then hung in a drying chamber in which the temperature is gradually 
raised. As the water passes out of the leather, the oil and tallow 
diffuse in. When a small amount of oil is rubbed onto dry leather, 
the surface tends to remain oily, but when applied to wet leather, 
the surface of the leather after drying is not oily. For this reason 
it has been assumed that the evaporation of water from the leather 
draws the oil into the leather, but this view has been contested by 
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Moeller ^ who considers the action of oils upon wet leather as similar 
to that of cod oil in chamoising. According to his view, the vegetable 
tanning material causes an oxidation of the unsaturated fatty acids, 
as indicated by the formation of oxidized acids and the simultaneous 
disappearance of water from the leather, water presumably being 
essential to the reaction. The oxidized fatty acids then act as a 
tanning agent. When dry leather is oiled, this action proceeds so 
slowly that the leather always remains oily, whereas wet leather, after 
oiling, dries without retaining the oily condition. 

The effect of grease in increasing the tensile strength of leather 
was demonstrated in a special investigation by Whitmore, Hart, and 
Beck,^ who found that a petrolatum-paraffin mixture was quite as 
effective as the commoner cod oil-tallow mixture. Bowker and 
Churchill * showed that grease in excess of a certain amount does not 
add to the tensile strength, but may actually decrease it. This agrees 
with some observations made by the author in the stuffing of strap 
leather, in which the tearing strength decreased with increase of grease 
content above 21 per cent. 

Light leathers, such as those for shoe uppers, are fatliquored 
rather than stuffed because fatliquoring leaves the grain surface in a 
much better condition for coloring. The common emulsifying agents 
are sulfonated oils, soaps, and moellon degras, the by-product from 
the manufacture of chamois leather. For a review on the literature 
of emulsions, the reader is referred to the paper by Thomas.* In 
the manufacture of chrome leathers, it is sometimes necessary to neu- 
tralize a portion of the sulfuric acid of the leather before applying 
the fatliquor, which is done by drumming the leather in a calculated 
quantity of sodium bicarbonate or borax solution. A fatliquor may 
be made simply by shaking a mixture of sulfonated neatsfoot oil, 
neutral neatsfoot oil, and hot water. Or the sulfonated oil can be 
replaced by soap and moellon degras. Van Tassel ® proposed the use 
of stearamid as an excellent emulsifying agent in making fatliquors. 
Larger quantities of fatliquor are used for vegetable tanned leathers 
than for chrome. A finished chrome leather generally contains from 
4 to 8 per cent of oil against from 10 to 15 per cent for vegetable tanned 
upper leathers. 

The skins are thoroughly wet with hot water and drummed with a 
small volume of hot fatliquor for about half an hour, at the end of 
which time practically all of the oil should be separated from the 
solution. It has often been thought that the oil globules actually 
penetrate the leather during fatliquoring, but Albert F. Gallun Jr., in 

*On the Theory of the Processes Involved in the Oiling of Leather. W. Moeller. 
Gerber 45 (10x9), 277. 

•The Effect of Grease on the Tensile Strength of Strap and Harness Leathers. L. M. 
Whitmore, R. W. Hart, and A. J. Beck. /. Am. Leather Cnem. Assoc. 14 (1919), 128. 

• Effect of Oils, Greases, and Degree of Tannage on the Physical Properties of Russet 
Harness Leather. R. C. Bowker and J. B. Churchill. Bureau of Standards, Technologic 
Paper No. 160 (1920). 

‘A Review of the Literature of Emulsions. A. W. Thomas. /. Ind. Eng, Chem. 12 
(1920), 177. 

• A New Emulsifying Agent and Its Application to Tannery Practice. E. D. Van Tassel, 
Jr. J. Am. Leather Chem. Assoc, 9 (1914), 236. 
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an unpublished work, showed that they do not do so. By splitting 
skins into layers immediately after fatliquoring, he found by analysis 
of each layer that the oil had not penetrated a measurable distance. 
Upon drying, however, the oil slowly diffuses into the interior and 
tends, in time, to distribute itself uniformly throughout the skin. 
The author split a skin into five layers after it had been dried after 
fatliquoring and found the highest percentages of oil in the outermost 
layers and the lowest in the layer just under the grain surface. This 
is probably due to the fact that the fibers of the flesh side of the 
skin offer more surface to the oil globules than the grain surface and 
hence the greater portion of the oil adheres to the flesh side. 

The discussion of the stability of colloidal dispersions given in 
Chapter 5 may be applied to fatliquoring. The oil globules possess a. 
negative electrical charge which gives the surface film of solution 
surrounding each globule an electrical difference of potential against 
the bulk of solution. The condition of leather to be fatliquored may 
be taken as that of leather in equilibrium with a solution having a 
pH value of from 4 to 5. The leather thus carries a positive electrical 
charge. The effect of putting such leather into a fatliquor, although 
similar in some respects to the immersion of skin in a vegetable tan 
liquor, is very different in at least two ways; the oil globules are 
very much larger than tannin particles and are not stable at pH values 
much below 6. The negatively charged globules will tend to combine 
with the positively charged leather and there may actually be some 
combination. But the emulsion is quickly broken up by the soluble 
matter present in the leather. The stability of the emulsion may be 
increased by making it more strongly alkaline, but this must l)e done 
with extreme caution or the leather will be ruined by overneutralization.. 

Experience shows that the more quickly the emulsion is broken up 
during fatliquoring, the greater the difficulty of getting a uniform distri- 
bution of the oil throughout the leather u\yon drying. For this reason 
the water soluble matter contained in leather to be fatliquored may 
exert a detrimental effect. The soluble tanning matters remaining in 
the leather have a tendency to break up the emulsion and, if present 
in too great an amount, may break the emulsion before the fatliquor 
has had time to serve its purpose properly and the leather will dry hard 
and crack easily. On the other hand, a leather practically free from 
soluble matter takes the fatliquor so well that it may become too soft 
after drying unless a smaller amount of oil is used in fatliquoring 
than is applied to leathers containing much soluble matter. 

Penetration of Dispersions through Grain Surface. 

It is interesting to note how small the particles of a dispersion 
would have to be in order to pass between the fibers constituting the 
grain surface of the leather, without distortion and assuming they 
could pass without coalescing or combining with the leather. Fig. 150 
shows a horizontal section of vegetable tanned calf skin comprising the 
grain surface. The view is that looking down on the uppermost sur- 




Fig. 150.— Horizontal Section of Calf Leather. 
(Grain surface of leather.) 

Location: butt. Eyepiece- sX 

Thickness of section: 15 p. Objective: 8-inm. 

btam: mdigo carmine. Wratten filter: F-red. 

Tannage: vegetable. Magnification: 300 diameters. 
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face which has been cut away from the leather below it at a thickness 
of less than 15 microns. (The exact measurement of thickness could 
not be made because this was the first cutting of the paratlin block 
at IS microns that included any leather at all and was taken so as 
not to lose the upper surface.) The section was stained for 2 minutes 
in a I -per cent solution of indigo carmine. The Si')ecimen was taken 
from a skin about to be fatliquored. 

The average distance between the fibers of the surface is about 
2 microns. If size of particle alone counted, it would merely be nec- 
essary to prepare the dispersion so as to get particles having a diameter 
less than this. The large empty spaces in the figure are the openings 
of the empty hair follicles. In the ordinary course of fatliquoring, 
these probably become filled with oil as soon as the emulsion breaks. 

Fatty Acid Spews. 

Sometimes when finished leathers are chilled, the surface becomes 
coated with a white crystalline deposit resembling' a thin film of 
snow. This deposit, known to the trade as spew, usually consists of 
saturated fatty acids having a high melting \mut. For this reason, 
many tanners try to avoid the use of oils containing much stearin 
or free stearic or palmitic acids. Where sulfonated oils have been 
used, the deposit may contain sulfonated fatty acids, which are more 
difficult to remove from the surface of the leather than pure stearic 
or palmitic acid. Although the spew does no harm to the leather, 
it is undesirable because it detracts from its appearance. Its removal, 
however, is a comparatively simple matter and may be effected by 
wiping the surface with a cloth wet with naphtha or with a soap solution. 

Fahrion® found that the splitting of a fat, with the liberation 
of saturated fatty acids, is not the only cause of sjxiw of this kind. 
Glycerides may appear on the surface of leather which have a lower 
melting point than those left in the leather. But when the fatty acids 
are liberated from the spew, they are found to have a higher melting 
point and a greater tendency to crystallize than the fatty acids liberated 
from the glycerides remaining in the leather. A glyceride mixture is 
likely to cause spewing if another mixture can be separated from 
it by fractionation which has a lower melting point, but a higher con- 
tent of saturated fatty acids. He points out that the less the tendency 
of a fat to crystallize, the more suitable it is for purposes of fatliquoring. 

When fatliquors containing saturated fatty acids are used, the 
danger of spewing can be greatly lessened by incorporating in the fat- 
liquor materials like mineral oils or sulfonated castor oil. These 
remain liquid at ordinary temperatures and are solvents for the fatty 
acids and glycerides which form ordinary spews. 

When a piece of finished leather spews, it is often noted that the 
greatest deposits of fatty acids occur where the leather is thinnest. 
This is due simply to the fact that leathers fatliquored in the ordinary 
way have a higher total fat content in the thin parts than in the heavier 

•Properties of Fat in Leather. W. Fahrion. Gerber 43 (1917), 123. 
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regions. In fact the fat content of the various parts may be taken 
as inversely proportional to the thickness. This is easily explained 
by the fact that the oil globules are deposited only on the surfaces ut 
the leather during fatliquoring. Equal areas of leather thus receive 
the same amount of oil. If the butt is twice as thick as the shanks, 
it will receive only half as much oil per unit volume. For the same 
reason, if a very thick skin is fatliquored along with a very thin one, 
the thick one will not get enough oil, while the thin one will get 
more than its share. 

A type of spew less common, but more difficult to remove, than 
that made up of saturated fatty acids is the resinous spew caused h\ 
the oxidation of unsaturated fatty acids in the leather. If a vegetable 
tanned leather contains much soluble tanning material, the tendency 
for the free tannin to absorb oxygen from the air increases upon fat- 
liquoring due to the resulting increase in pH value. The oxidized 
tannin seems to give up its oxygen readily to the unsaturated fatty 
acids of cod and similar oils. The higher the pH value of the solu- 
tion in the leather and the greater its content of free tannin and 
oxidizable fatty acids, the greater will be the danger of the formation 
of resinous spews, consisting of oxidized fatty acids. 

Most tanners appreciate that it is undesirable to allow a large 
amount of soluble neutral salts to remain in the finished leather and, 
since such salts are easily washed out during the process, there is no 
good reason why they should not be removed before finishing. Never- 
theless leathers are occasionally found on the market showing a de- 
posit of salt crystals on the surface, resembling spew. It is, of course, 
an easy matter to differentiate between such salt deposits and ordinary 
fatty spews. 

When leather is kept in a cool, damp place for a long time, it 
is apt to be subject to the growth of molds. Sometimes these show 
the light green color of the common mold penicillimn glaucum, but 
often they appear like a white, powdery deposit, resembling the spew 
sometimes occurring on leathers fatliquored with sulfonated neatsfoot 
oil. 


Coloring. 

Leather is dyed either before or after the fatliquoring process, 
depending upon the kind of leather produced and the nature of the 
other operations. Natural dyestuffs are still employed for coloring 
some kinds of leather, but have been largely supplanted by artificial 
products. In coloring vegetable tanned leather, basic dyestuffs are 
usually preferred because they combine readily with tannin and give 
more intense shades than the acid dyestuffs. 

When vegetable tanned leathers are to be colored with basic dye- 
stuffs, they must first be washed so that no free tannin will diffuse 
into the dye bath, where it would be precipitated by the dye and 
tend to cause spottiness and discoloration of the leather. The leather 
is sometimes given a short rinsing in sodium carbonate solution in 
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order to free the grain surface from precipitated tannin and to strip 
off any excess of fixed tannin, the object l^^ing to get clearer and more 
uniform coloring. The leather is then drummed in a solution of a salt 
of titanium or antimony, such as titanium potassium oxalate or 
antimony potassium tartrate, which serves the double purpose of acting 
as a mordant and of precipitating any remaining free tannin that 
might otherwise diffuse into the dye bath. The leather is then given a 
thorough washing and is then drummed in a solution of the dyestuff. 
Since basic dyestuffs are precipitated by hard waters, where these must 
be used, they should first be acidified with acetic acid, which will 
prevent precipitation. 

An objection to the use of acid dyes is the fact that strong acids 
are necessary to develop the color. The sulfuric acid often used 
exerts a detrimental effect upon vegetable tanned leathers, if not neu- 
tralized after coloring. Where later neutralization is objectionable, 
it is much better to use formic acid to develop the color since this 
acid appears to have no harmful effects whatever, if not used in ex- 
cess. It has often been stated that acid dyes arc faster to light than 
basic ones, but this is not uniformly true for leather. 

Chrome leather may be dyed in a manner similar to that of veg- 
etable tanned leather if it is first given a light surface rctanning with 
a vegetable tanning material, such as gambier or sumac. The leather, 
after tanning and neutralizing, is drummed for a short time in a 
dilute tan liquor, washed, and then mordanted with a titanium or 
antimony salt, washed again and finally colored, after which it is 
fatliquored. Where the fatliquoring may cause a bleeding of the 
color, the dyeing must follow the fatliquoring. 

By the use of acid dyestuffs, chrome leather may be dyed directly, 
without the necessity for a vegetable retanning. In this case, how-' 
ever, either the fatliquoring must be done before the coloring or else the 
color must be fixed in some way before fatliquoring. One method of 
accomplishing this is to divide the coloring operation into two parts, 
the leather being dyed first with an acid dye and then with a basic 
dye. Since the two kinds of dyestuffs coprecipitate each other from 
solution, forming insoluble lakes, they show little tendency to bleed 
into the fatliquor. 

Direct colors may be used on either chrome or vegetable leathers. 
Alizarine and developed dyes find a use in the coloring of chrome 
leather. Sulfide dyes are frequently used where it is necessary to get a 
color very resistant to washing. For lists of the individual dyes and 
details of their application to leather, the reader should consult the 
various practical handbooks on leather dyeing. 

The shade of colored leathers may be darkened, or “saddened,” 
by drumming them in solutions of salts of iron, copper, or other heavy 
metals. In the production of black leathers, it is common to drum 
the leather first in a slightly alkaline solution of logwood extract and 
then in a solution of ferrous sulfate to develop the black. This is 
often topped by a second dyeing with some artificial black dyestuff. 
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After the leather has been dyed, it is customary to rinse it in 
cold water, smooth it out by slicking, lightly oil the surface, and then 
dry it. 

The chemistry of leather dyeing has not yet overtaken the art, 
although the process is primarily a chemical one. The effect obtained 
from a given color bath is a function of pH value, concentration, 
temperature, etc., but the literature contains no record of investiga- 
tions of leather dyeing under rigidly controlled conditions of pH 
value, etc., like those on tanning described in Chapters ii to 14. One 
may infer that similar principles are involved in both tanning and 
dyeing. 


Finishing. 

For descriptions of the numerous mechanical operations and 
machines used in making leather, including splitting, shaving, slicking, 
samming, drying, staking, rolling, brushing, boarding, plating, glazing, 
and embossing, reference should be made to books treating the subject 
from a more obviously practical viewpoint, like those of Procter,^ 
Lamb,® and Rogers.® 

When the leather has been dried, after coloring, it is subjected 
to various mechanical operations in order to give it the desired physical 
properties. Ordinary shoe upper leather is coated with a size or 
finish in order to make it water repellent and more pleasing to the 
eye. These finishes usually have as a base an aqueous dispersion of 
gelatin, casein, blood albumin, egg albumin, gum tragacanth, or Irish 
moss, and are often mixed with colors or pigments. Another popular 
finishing material consists of a mineral pigment ground in a solution 
of shellac and borax in water; this is sprayed onto the grain surface 
of the leather by means of an atomizer. 

Patent leathers are coated with a varnish made from boiled linseed 
oil, driers, and pigments. The leather is dried in a hot oven after 
the varnish has been applied. The surface is then rubbed smooth and 
a second coat applied, after which it is again dried in the oven. This 
may be repeated several times to get the desired effect. The surface 
of the leather is finally exposed to the sun or to ultra-violet rays for 
several hours. 

Suede or ooze calf leathers are made from the skins of slinks, 
chrome tanned, colored, and finished on the flesh, side. The so-called 
buck leathers are made from chrome tanned cow hide, split to give a 
sufficiently thin layer, including the grain. The grain is buffed on 
an emery wheel and then dusted with a dry pigment. The names of 
many of the commoner leathers indicate the method of finishing rather 
than the animal furnishing the skin. 

' Principles of Leather Manufacture. H. R. Procter. D. Van Nostrand, New York 

•Leather Dressing. M. C. Lamb. Leather Trades Publishing Co., London (1909). 

•Practical Tanning. A. Rogers. Henry Carey Baird & Co., New York (192a). 
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Acetic acid, 

effect upon vegetable tan liquors, 

.235 

ionization of, 77, 82 
Acids formed in drenching, 200 
Acids, order of strength, 79 
Acid unhairing, 166 
Adipose tissue, 23, 33 
vertical section of, 32 
Adsorption, 131-2 
Aging of leather, 228-30, 274-6 
Alanine, 65, 70 

Albino rat leather, grain surface of, 

37 

Albumin fixative, 18 
Albumins, 67-8 
isoelectric points of, 108 
Albuminoids, 67 

Albumose, action of trypsin upon, 

189 

Aldehyde tanning, 318-9 
Algarobilla, 206, 256 
Alligator leather, 243 
vertical section of, 251 
Aluminum salts, 

precipitation of vegetable tan liquor 
by, 236 

tanning with, 31 1-3 
Amino acids, 65-6, 70 
Ammonium chloride, effect upon 
bating, 190-1 
chrome tanning, 292-4 
pH value of acid solutions, 89-90 
pH value of chrome liquors, 283 
precipitation of chrome liquor by 
alkali, 284 

Ammonium hydroxide, 
ionization of, 78, 88 
unhairing with, 165 
Ammonium sulfate, effect upon 
pH value of acid solutions, 89-90 
pH value of chrome liquors, 282 
precipitation of chrome liquor by 
alkali, 284 

Amorphous tannins, 215 
Amylolytic enzymes, 174, 181, 200 
Anthrax, disinfection against, 139-41 
Antimony salts in mordanting leather, 

. 329 

Arginine, 66, 70 

Arsenic disulfide, unhairing with, 157 
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Arteries, 33, 38 
vertical section of, 32 
Aspartic acid, 65, 70 
Aspergillus niger, 213-5 
Astringency, 224, 231, 241, 260, 262 
Autoclave, leaching in, 208 

Babool bark, 206 
Bacillus anthracis, 139 
butyricus, 148 
coli, 174 
erodiens, 179 

fluorescens liquefaciens, 147, 149 
furfuris, 200 
gasoformans, 147 
liquidus, 147 
megeterium, 147, 201 
mesentericus fuscus, 147 
mescntericus vulgatus, 147 
mycoides, 147 
prodigiosus, 163 
subtilis, 147 
Bacterial action in 
bating, 179-80 
drenching, 200-1 
liming, 162-3 

pancreatin unhairing liquors, 167 
production of salt stains, 134-7 
soaking, 146-50 
sweating, 151-6 
Baldness, 31 

Barium chloride, effect upon 
pH value of acid solutions, 89-90 
pH value of chrome liquors, 283 
precipitation of vegetable tan liqu 1, 
.235 

Barium hydroxide, ionization of, ;8. 
88 

Bases, order of strength, 79 
Bating, 173-98 

as a hydrogen-ion concentration 
control, 178 

bacterial action in, 179-80 
effect of ammonium chloride, 190 ^ 
pancreatin, 189-90 
pH value, 185-9 
time, 188-90 
to delime skins, 179 
to digest collagen, 197-8 
to reduce plumping, 175 
to remove elastin, 181-97 
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Bating, with bacteria, 179-80 
with dung, 173, 184 
with pancreatin, 181-97 
Beam, 155 
Beamhouse, 142 
Beamster, 155 

Bear leather, grain surface of, 37 
Birch bark, 206 
Bismarck brown stain, 19 
Bismuth tanning, 316 
Blackheads, 31 
Bleaching leather, 322 
Blood, 75 

decolorizing tanning extracts with, 
21 1-2 

Bloom, 205, 215 

Boiling test in chrome tanning, 293-4 

Boric acid, ionization of, 77, 84 

Bran in drenching, 199 

Bromine tanning, 316-7 

Buck leather, 330 

Bulb, hair, 28, 39-64 

Butyric acid, ionization of, 77, 84 

Calcium chloride, precipitation of vege- 
table tan liquor by, 236 
Calcium hydroxide, 
ionization of, 79 

precipitation of vegetable tan liquors, 
210-1 

unhairing with, 156-60 
Calcium sulfarscnite, unhairing with, 
157 

Calf leather, 

grain surface of, 36, 197 
horizontal section through grain sur- 
face, 326 

vertical sections of, 298, 299, 303 
(see also under leather) 

Calf skin, 48-53 

vertical sections of (before tanning), 
fresh, 49, 52, 53 
from lime liquor, 158, 159 
unhaired in pancreatin solutions, 
170, 17 1 

before bating, 182 
after bating, 183 
Camel leather, 243 
grain surface of, 37 
vertical section of, 253 
Canaigre, 206 
Carbol-xylene, 17 
Carbonic acid, ionization of, 77 
Casein, 

hydrolysis by trypsin, 189 
isoelectric point of, 108 
Caseinic acid, 66 
Catechins, 215 
Catechol tannins, 204 
Cells, 

epithelial, 23 


Cells, 

fat, 33 , 35 , 51 
growth of, 25 
migratory, 35 
Cerealin, 200 
Cerium tanning, 316 
Chamois leather, 317 
Chemical constituents of skin, 65-75 
Chestnut wood, 206, 219-39, 256 
Chinese nut gal Is, 214 
Clilorine tanning, 316-7 
Cholesterol, 75 

Chrome leather (see leather) 

Chronic liquors, 
dialysis of, 307 

diffusion into protein jellies, 284 
effect of added acid or alkali, 281 
dilution, 280 
neutral salts, 281-3 
salts of hydroxyacids, 297 
electrophoresis of, 305-8 
liydrolysis of, 280-4 
manufacture of, 278-9 
pil value of, 93, 280-97 
precipitation of, 283-4 
tanning with, 278-308 
ultrafillration of, 307 
Chrome retan leather, 309 
vertical section of, 310 
Chrome tanning, 278-308 
boiling test in, 293-4 
effect of concentration, 288-92 
neutral sails, 292-6 
pH value, 285-97 
salts of hydroxyacids, 297 
time, 285-8 
theory of, 305-8 
Chromium collagenate, 279 80 
Chromium salts (see chrome liquors) 
Chromogenic bacteria, 135-6 
Citric acid, ionization of, 78, 85 
Clarifying tanning extracts, 211-2 
Clearing agent, 17 
Cod fish skin, 64 
vertical section of, 62 
Collagen, 35, 72-3 
combining weight, 273, 279-80 
compouiKls with chromium, 279-80, 

305 

tannin, 273-4 
fibers, 33, 35 . 39-64 
hydrolysis by acids or alkalis, 168, 
189 

enzymes, 73-4, 168, 197-8 
hot water, 72 

isoelectric point of, 109, 175-7 
relation to gelatin, 72-3 
two forms of, 109, 176 
Colloidal dispersions, 
tanning with, 316 
theory of stability of, 127-30 
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Coloring leather, 328-30 
Color value of tan liquor, effect of 
oxidation, 209-10 
pH value, 208-9 

Combining weight of collagen, 273, 
279-80 

gelatin, 102-3, 31 1 

Conductivity of gelatin dispersions, 120 
Connective tissue, 23, 33, 35 i 38-64 
Co-operation between university and 
industry, 12-4 

Cordovan leather, 58, 243, 304 
grain surface of, 36 
vertical sections of, 246, 301 
Corneous layer of epidermis, 26-7, 39 - 
64, 70, i5i-4» 157-9, 169 
Cow hide, 39-48 

horizontal sections of, 43, 44 , 45 , 46, 

47 

vertical sections of, 40, 41, 192 
Cow leather, 
grain surface of, 36 
vertical section of, 310 
Curliness of hair, cause of, 29, 51 
Cutch wood, 206 
Cystine, 65, 70 

Dandruff, 25 

Decolorizing tanning extracts, 21 1-2 
Dehydrating specimens of skin, 17 
Deliming, 179, 199-203 
Depsides, 215 
Derma, 23, 33-64 
Dialysis of 
chrome liquors, 307 
vegetable tan liquors, 233 
Diastase of translocation, 200 
Diffusion into protein jellies of 
chrome liquor, 284 
vegetable tan liquor, 256-8 
Digallic acid, 213 
Disinfection of skin, 139-41 
Divi-divi, 206, 256 

Double refraction in gelatin disper- 
sions, 120 
Drenching, 199-202 
Dried forms of gelatin jellies, 144 
Drying of 
gelatin jellies, 143 
skins, 137-8 
tanning extracts, 212 
Dung, 

composition of, 174 
use of in bating, 173 
Dyestuffs, use of in coloring leather, 
328-30 

Ectoderm, 25 

Edestin, isoelectric point of, 108 
Egg albumin, isoelectric point of, 108 
Elasticity of gelatin jellies, 118 


Elastin, 70-1 

hydrolysis by pancreatin, 181-97 
Elastin fibers, 35, 42, 182-3, 192-5 
removal in bating, 181-97 
effect upon leather, 196-7 
Electrical tanning, 270-1 
Electrophoresis of 
chrome liquors, 305-8 
vegetable tan liquors, 231-3 
Eleidin, 27, 29, 70 
Ellagic acid, 205, 215 
Emulsifying agents, 324 
Emulsin, 215 
Enzymes, 

action in bating, 181-91 
unhairing, 166-72 
activation of, 191 
amylolytic, 174, 181, 200 
cerealin, 200 
emulsin, 215 
inactivation of, 187-91 
lipase, 174, 181 
list of in dung, 181 
pancreatin, 73-5, 166-72, 181-91 
pepsin, 73-5, 181 
rennin, 174, 181 
tannase, 215 
thrombase, 68, 172 
trypsin (see pancreatin) 

Epidermal system, 25, 27-33, 39-64, 69 
Epidermis, 23, 25, 39-64 
horizontal section of, 43 
vertical section of, 26 
Epithelial cells, 23 
tissue, 23 

Erector pili muscle, 31, 39-60 
Erlicki fixer, 17 
Erodin, 179 

Falling of skin, 160, 175 
Fascia, superficial, 23, 33 
Fat cells, 33, 35 , 39-58 
Fatliquoring, 323-5 
Fatty acid spews, 327-8 
Ferric chloride test for nontannin, 259 
Fertilizer from sulfide unhairing 
liquors, 165 

Fiber sarcolemma, 35, 168 
Fibrin, 68 

hydrolysis by trypsin, 189 
Fibrinogen, 68 
Finishing leather, 330 
Fir bark, 206 
Fish skins, 62-4 
Fixative, albumin, 18 
Fixing specimens, 16-7 
Flesh, 23, 33 
Fleshing, 33, 142-50 
Follicle, hair, 29, 39-64 
Formic acid, 
absorption by skin, 140 
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Formic acid, 
ionization of, 78, 82 
precipitation of vegetable tan liquor 
by. 235, 237-9 

use of in coloring leather, 329 
disinfecting skins, 139-41 
Freckles, 27 
Fuchsin stain, 19 

Gallic acid, 

effect upon tannin analysis, 218-24 
ionization of, 78, 83 
Gallotannic acid, 213-4 
Gambier, 206, 215-7, 219-39. 256-66, 276 
Gases formed in drenching, 200 
Gelatin, 

combining weight of, 102-3, 3n 
hydrolysis of, 74-5 
isoelectric point of, 108 
mutarotation of, 1 12 
reaction with aluminum salts, 31 1 
chromium salts, 308-11 
tannin, 308 

relation to collagen, 72-3 
two forms of, 109-14 
Gelatin dispersions, 
absorption spectra of, 114 
conductivity of, 120 
double refraction of, 120 
osmotic pressure of, 120-5 
plasticity of, 126-7 
structure of, 118-20 
vapor pressure of, 120 
viscosity of, 112-3, 120-3, 125-7 
Gelatin jellies, 

diffusion of chrome liquor into, 284 
diffusion of vegetable tan liquor into, 
256-8 

dried forms of, 144 
drying of, 143 
elasticity of, 118 
reticulation of, 116-8 
structure of, 118-20 
swelling of, 98-123 
Gelatin-salt test for tannin, 216-7 
Glands, 27, 31, 33, 39-60 
Glassy layer of horse hide, 58 
Gliadin, isoelectric point of, 108 
Globulins, 67-8 
isoelectric points of, 108 
Glucose, use in reduction of sodium 
dichromate, 279 
Glucosides, 215 
Glue stock, 142 
Glutamic acid, 66, 70 
Glycine, 65, 70 
Goat leather, 304 
vertical section of, 302 
Goat skin, 56 

Gold soL theory of stability of, 127-30 
Goose flesh, 31 


Grain membrane, 38 
Grain surface, 38 

horizontal section of from calf 
leather, 326 
loose, 149 

photomicrographs of from leathers, 
albino rat, 37 
bear, 37 
calf, 36, 197 
camel, 37 
cow, 36 
guinea-pig, 37 
hog, 36 

horned toad, 37 
horse, 36 
kid, 36 
salmon, 37 
sheep, 36 
pipy, 149 

pitted, 39. 149, 154 
proteins of, 71 
rough, 146 
^ structure of, 326 
Guinea-pig leather, 60 
grain surface of, 37 
Guinea-pig skin, 60 
vertical section of, 61 

Hair, 27-31, 39-64 
bulb, 28, 39-64 
vertical section of, 28 
curliness, cause of, 29, 51 
follicle, 29, 39-64 
papilla, 29, 48 
pigment, 31 
root, 29 
scales, 29 

photomicrograph of, 30 
shaft, 29 
Halibut skin, 64 
vertical section of, 62 
Handlers, in vegetable tanning, 241 
Heniatoxylin-eosin stain, 18 
Hemi-celluloses, use of in tanning, 
270 

Hemlock bark, 206, 216, 219-39, 256, 
259-156, 274-5 

Hemoglobin, isoelectric point of, 108 
Hide powder, 
digestion by trypsin, 73-4 
preparation of, 72 
Hippopotamus leather, 243 
vertical section of, 255 
Histidine, 66, 70 
Histology of skin, 15-64 
Hog leather, 243 
grain surface of, 36 
vertical section of, 248 
Hog skin, 57 

vertical sections of, 57, 195 
Hooke's law, lOi, 118 
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Horned toad leather, 243 
grain surface of, 37 
vertical section of, 252 
Horse hide, 58-60 
vertical section of, 59 
Horse leather, 242-3, 304 
grain surface of, 36 
vertical sections of, 246, 247, 301 
Human skin, 21-39 
vertical sections from 
back, 22 
heel, 24, 26 
scalp, 21 

Hydration of ions, 91-3, 267, 292-6 
Hydrochloric acid, 
effect of neutral salts on pH value, 
89 

ionization of, 78, 80 
precipitation of vegetable tan liquor 
by, 234, 237-9 
Hydrogen-ion concentration, 
effect of neutral salts upon, 89-93, 
146, 281-4 
effect upon 
aldehyde tanning, 319 
bating, 185-9 
chrome tanning, 285-97 
color of vegetable tan liquors, 

208- 9 

determination of tannin, 230-1 
diffusion into protein jellies of 
chrome liquor, 284 
v^etable tan liquor, 257-8 
fatliquoring, 325 

gelatin-salt test for tannin, 216-7 
hydrolysis of collagen by pancre- 
atin, 73-4, 168, 197-8 
elastin by pancreatin, 185-9 
leaching of vegetable tanning ma- 
terials, 208-9 

osmotic pressure of protein sys- 
tems, 121-4 

oxidation of vegetable tan liquors, 

209- 10 

plumping of skin, 175-7 
precipitation of vegetable tan 
liquors, 210-1, 237-9 
putrefaction, 150, 177 
stability of collagen-tannin com- 
pound, 265-6 

swelling of protein jellies, 98-114, 

175-7 

vegetable tanning, 262-7 
viscosity of gelatin dispersions, 
1 12-3, 120-3, 125-7 

values for different solutions (see 
pH values) 

Hydrolysis of 
chromium salts, 280-3 
collap[en, 70-^ 168, 197-8 

elastin, 70, 181-97 


Hydrolysis of 

keratin, 69-70, 15 1-4, 157-60, 164-72 
leather, 265-6, 274-6 
Hydroxyacids, salts of, effect upoi 
chrome tanning, 297 


Imbedding specimens of skin, 17 
Inactivation of enzymes, 187-91 
Interfibrillary cementing substance, 6^ 
Ionization of acids and bases ( tables); 
80-8 

effect of neutral salts, 89-93 
temperature, 79 
order of strengths, 79 
tables showing pH values, 80-8 
Iron tanning, 313-4 
Isoelectric points of 
collagen, 109, 175-7 
gelatin, 108^ 109-14 
other proteins, 108 
tannins, 233 
Isoleucine, 65 

Keratin, 29, 69 

hydrolysis of, 69-70, 15 1-4, 157-60, 
164-72 

Keratohyalin, 70 
Keto-enol tautomerism in 
proteins, no, 114 
tannins, 277 
Kid leather, 56 
grain surface of, 36 
Kid skin, 56 
vertical section of, 55 
Kips, 133 


Lactic acid, 

effect upon plumping of skin in 
vegetable tan liquor, 268-9 
ionization of, 78, 83 
precipitation of vegetable tan liquor 
by, 235 

Lamb fur, 313 
vertical section of, 312 
Larch bark, 206, 216, 219-39, 256, 259, 
261-4 

Layers, in vegetable tanning, 241-2 
Leaching of vegetable tanning mate- 
rials, 207-9 
Leather, 

action of sulfuric acid on, 323 

aging of, 228-30, 274-6 

alum, 311-3 

ancient, ii 

bleaching, 322 

chamois, 317 

chrome, 278-308 

comparison with vegetable leather, 
298-304 

chrome retan, 309-10 
coloring, 328-30 
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Leather, 

decomposition by hot alcohol, 274-6 
fatliquoring, 323-5 
finishing, 330 

grain surface of (see grain surface) 
horizontal section of, 326 
hydrolysis of, 265-6, 274-6 
loading, 242 
mordanting, 329 
oxidation of fat in, 328 
resistance to washing, 225 
spew on, 327-8 
tensile strength of, 324 
vegetable, 240-77 

comparison with chrome leather, 
298-304 

vertical sections of, 
alligator, vegetable, 251 
calf, chrome, 299 
vegetable, 298 
calf slink, chrome, 303 
camel, vegetable, 253 
cow, chrome retan, 310 
goat, chrome, 302 
hippopotamus, vegetable, 255 
hog, vegetable, 248 
horned toad, vegetable, 252 
horse, chrome, 301 
vegetable, 246, 247 
lamb slink, alum, 312 
salmon, vegetable, 249 
shark, vegetable, 250 
sheep, vegetable, 245 
steer, vegetable, 244 
walrus, vegetable, 254 
Lecithins, 75 
Leucine, 65, 70 
Ligamentuin nuchae, 70-1 
Lignosulfonic acids, 320 
Limed skin, washing of, 155 
Lime liquors, 

bacterial action in, 162-3, 166 
pH value of, 93, I 57 » 162, 199 
unhairing with, 156-60 
Lipase, 174 

Lithium chloride, effect upon 
chrome tanning, 292-4 
pH value of acid solutions, 89-90 
chrome liquors, 283 
Logwood, 

use in coloring leather, 329 
stains for skin sections, 18-9 
Lymph, 75 
ducts, 35 
Lysine, 66, 70 

Magnesium chloride, effect upon 
chrome tanning, 292-4 
pH value of acid solutions, 89-90 
precipitation of chrome liquor by 
alkali, 284 


Magnesium sulfate, effect upon 
pH value of acid solutions, 89-90 
chrome liquor, 282 
precipitation of chrome liquor by 
alkali, 284 
Mallet bark, 206 

Malpighian layer of epidermis, 25-6, 
70, 151-72 

destruction by acids, 166 
alkalis, 156-65 
bacteria, 151-6, 162-3, 166 
enzymes, 166-72 
Mangrove bark, 206, 256 
Melanins, 27, 67, 6 () 

Mellow lime liquors, 162 
Membrane equilibria, 94-132 
potentials, 96-8, 123-5 
Mercuric chloride, 
absorption by skin, 140 
use of in disinfecting skins, 139-41 
Mesoderm, 25 

Micrococcus flavus liquefaciens, 163 
Microtomy, 18 
Migratory cells, 35 
photomicrograph of, 34 
Mimosa l)ark (see wattle brirk) 
Moellon degras, 317 
Mordanting leather, 329 
Mounting sections, 19-20 
Mucins, 67-9 
Mucoids, 69 
Muscles, 23, 31, 39-60 
Muscular tissue, 23 
Mutarotation of gelatin, 112 
Myrobalans, 206, 256 

Nemathelmintlies, 154 
Nerves, 31, 33, 38 
vertical section of, 32 
Nervous tissue, 23 
Neutral salt effect, 89-93, 146, 281-4 
Nitric acid, ionization of, 78, 80 
Nucleic acid, isoelectric point of, 108 
Nucleus of a cell, 25, 46 
Nutgalls, 214 

Oak bark, 206, 215-6, 219-39, 256, 259-69 
Oak wood, 206 
Oil tanning, 317-8 
Ooze leather, 304, 330 
vertical section of, 303 
Open-vat leaching, 207 
Oropon, 18 1 

Osage orange wood, 206, 219-39 
Osmotic pressure of protein systems, 
120-5 

effect of pH value, 121-4 
neutral salts, 122-4 
Oxalic acid, ionization of, 78, 86 
Oxidation of 
fat in leather, 328 
vegetable tan liquors, 209-10 
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Oxybenzophenones, 215 
Oxyhemoglobin, isoelectric point of, 
108 

Oxyphenylstyrylketones, 215 
Oxyproline, 66, 70 

Palmetto, 206 
Pancreatin, 
action upon 
albumose, 189 
casein, 189 

collagen, 73-4, 168, 197-8 
elastin, 181-97 
fibrin, 189 
gelatin, 74-5 
hide powder, 73-4 
skin, 166-72, 181-98 
bating with, 169-72, 181-97 
unhairing with, 16^72 
Pancreol, 184 
Papilla, 25, 38, 42, 58, 256 
hair, 29 

Pars papillaris, 26 
Patent leather, 330 
Penicilium glaucum, 328 
Pentacetyl glucose, 214 
Pentadigalloylglucose, 214 
Pepsin, 73-5, 181 
Peptones, 65 
Persian lamb fur, 313 
vertical section of, 312 
Phenylalanine, 65, 70 
Phlobaphenes, 205, 215 
Phloroglucin tannins, 215 
Phosphoric acid, 
as a buffer in bating, 184-6 
ionization of, 78, 81 
precipitation of vegetable tan liquor 
by, 33s 

Photomicrography, 20 
Physical chemistry of the proteins, 94- 
132 

pPI value, 
acids (tables), 80-6 
aldehyde tan liquors, 319 
bases (tables), 87-8 
bate liquors, 93, 176-9, 184-91, 197, 
199 

bleaching solutions, 322 
chrome liquors, 93, 280-97 
definition of, 80 

effect of (see hydrogen-ion concen- 
tration) 

fatliquors, 93, 325 
lime liquors, 93, 157, 162, 199 
pancreatin unhairing liquors, 167 
pickle liquors, 93, 203 
syntan solutions, 320 
vegetable tan liquors, 93, 199, 208-11, 
237-9, 257-8, 260-76 
Pickling, 138-9, 202 


Picro-indigo-carmine stain, 19 
Picro-red stain, 19 
Pigment, 27, 31, 69 
Pilo-motor nerves, 31 
Pipy grain, 149 
Pitted grain, 39, 149, 154 
Plasticity of gelatin dispersions, 126-7 
Plate cultures of 
puer liquor, 180 
soak water, 148 
Plumping of skin, 160 
effect of lactic acid, 268-9 
pH value, 175-7 
sodium chloride, 268-9 
in vegetable tan liquor, 268-9 
measurement of degree of, 161 
reduction in bating, 175 
two points of minimum, 175-7 
Polypeptides, 65-7 
Pores, 27 

Potassium bromide, effect upon pre- 
cipitation of chrome liquor by 
alkali, 2^ 

Potassium chloride, effect upon 
pH value of acid solutions, 89-90 
chrome liquors, 283 
precipitation of chrome liquor by 
alkali, 284 

vegetable tan liquor, 234 
Potassium hydroxide, ionization of. 70. 
87 

Potassium nitrate, effect upon precipi- 
tation of chrome liquor by 
alkali, 284 

Potential difference of 
colloidal dispersions, 127-30 
protein systems, 1 14-6 
vegetable tan liquors, 231-3 
Precipitation of 
chrome liquors, 283-4 
fatliquors, 325 
sols, theory of, 127-30 
vegetable tan liquors, 209-1 r, 233-9 
Preservation of skin, 133-9 
Prickles, 25 
Proline, 66, 70 

Protein-acid equilibria, 98, et sequ. 
Protein-alkali equilibria, 107, et sequ. 
Protein jellies, 

diffusion of chrome liquor into, 284 
vegetable tan liquor into, 256-8 
drying of, 143 
elasticity of, 118 

rhythmic swelling of, 116-8, 201, 241 
structure of, 118-20 
swelling of, 98-123, 160, 175-7, 268-9 
Proteins, 

classification of, 67 
hydrolytic products of, 65-6, 70 
isoelectric points of (table), 108 
physical chemistry of, 94-132 
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Proteins, 
synthesis of, 66 
Proteoses, 65 
Proteus mirabilis, 148 
vulgaris, 148 
Protoplasm, 25, 70 
Puering (see bating) 

Puer liquor, plate culture of, 180 
Putrefaction, effect of pH value, 150, 
177 

Putrid soak, 149 
Pyrogallol tannins, 204 


Quebracho wood, 206, 215-6, 219-39, 
256-65 

Quinol, 276-7, 319 
Quinones, 276-7 
tanning with, 318-9 


Rapid tanning, 270-1 
Rat leather, grain surface of, 37 
Reds, 205, 215 
Rennin, 174 

Resistance of leather to washing, 225 
Resorcin-fuchsin stain, 19 
Reticular layer of skin, 39-64 
vertical section of, 34 
Reticulation of photographic negative. 

Rhythmic swelling of protein jellies, 
1 16-8, 201, 241 

Rochelle salt, effect upon chrome tan- 
ning, 297 
Root, hair, 29 
Run pelts, 154 

Salicylic acid, ionization of, 78, 86 
Salmon leather, 243 
grain surface of, 37 
vertical section of, 249 
Salmon skin, 64 
vertical section of, 62, 63 
Salting out, theory of, 127-30 
Salting skins, 133-8 
Salt stains, 134-7 
Scales, hair, 29 
Scalp, vertical section of, 21 
Scudding, 155 
Sebaceous ducts, 44 
glands, 27, 31, 39-60 
Sebum, 75 
Sectioning, 18 
Serine, 65, 70 

Serum albumins and globulins, isoelec- 
tric points of, 108 
Shaft, hair, 29 
Shark leather, 243 
vertical section of, 250 
Sharpening agents in liming, 157 


Sheep leather, 242 
grain surface of, 36 
vertical section of, 245 
Sheep skin, 51-6 
vertical sections of, 
fresh, 54 

from sweat chamber, 152, 153 
before bating, 194 
Shell of horse hide, 58 
Sides, 14s 

Silicic acid tanning, 315 
Skin, 

chemical constituents of, 65-75 
dehydrating, 17 
disinfection of, 139-41 
drying of, 137-8 
falling of, 160-2, 175-7 
fixing, 16-7 
histology of, 15-64 
imbedding, 17 

plumping of, 160-2, 175-7, 268-9 
preservation of, 133-9 
salting, 133-8 
sampling, 16 
sectioning, 18 

sections and descriptions of skins 
from 

alligator, 64 

calf, 48-53, 151^-9, ^70-1, 193 

camel, 64 

cod fish, 62, 64 

cow, 39-48, 192 

goat, 56 

guinea-pig, 60-1 

halibut, 62, 64 

hippopotamus, 64 

hog, 57 , 195 

horned toad, 64 

horse, 58-60 

human, 21-39 

kid, 55, 56 

salmon, 62-4 

shark, 64 

sheep, 54 , 152-3, I 94 
steer, 39 
walrus, 64 
Soaking, 142-50 
Soak, putrid, 149 

Soak water, plate culture of, 148 
Sodium carbonate, as a preventive of 
salt stains, 134-7 
Sodium chloride, effect upon 
chrome tanning, 292-6 
pH value of acid solutions, 89-93 
chrome liquors, 282-3 
plumping of skin in vegetable tan 
liquor, 268-9 

precipitation of chrome liquor by 
alkali, 284 

vegetable tanning, 266-7 
Sodium dichromate, 278-9 
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Sodium fluoride, as a preventive of 
salt stains, 135 
Sodium hydroxide, 
as an unhairing agent, 164 
effect upon hydrolysis of chrome 
liquor, 281 
ionization of, 79, 87 
Sodium sulfate, effect upon 
chrome tanning, 294-6 
pH value of acid solutions, 89-90 
chrome liquors, 282 
precipitation of chrome liquor by 
alkali, 284 

vegetable tanning, 266-7 
Sole leather, 242 
vertical section of, 244 
Spew on leather, 327-8 
Spruce bark, 206 
Spruce extract, 321 
Stability of 
chrome liquors, 283-4 
collagen-tannin compound at differ- 
ent pH values, 265-6 
colloidal dispersions, 127-30 
fatliquors, 325 

vegetable tan liquors, 209- ir, 233-9 
Staining sections, 18-9 
Stcaramid, 324 
Steer leather, 242 
vertical section of, 244 
Sticks, in vegetable tanning, 241 
Stratum corneum, 26-7, 39-64, 70, 151-4, 

157-9, 169 

granulosuni, 26-7, 70 
lucidum, 26-7 

niucosum, 25-7, 70, 151-72 
Stripping chrome leather, 297 
vegetable leather, 265-6, 322 
Stuffing, 323-5 

Sucrose, effect upon chrome tanning, 
295-6 

Sudoriferous glands, 27, 31, 33, 39-60 
Suede leather, 303-4, 330 
Sulfide unhairing liquors, fertilizer 
from, 165 

Sulfite cellulose, 271, 321 
Sulfonated oils, 323 
Sulfuric acid, 
action upon leather, 323 
combination with skin during chrome 
tanning, 285-92 

effect of neutral salts upon the pH 
value of solutions of, 90-1 
effect upon the hydrolysis of chrome 
liquor, 281 

ionization of, 78, 8i 
precipitation of vegetable tan liquor 

by. 234, 237-9 

Sulfurous acid, use of in soaking, 150 
Sulfur tanning, 316 
Sumac, 206, 219-39, 256 


Superficial fascia, 23, 33 
Sweat ducts, 27 
glands, 27, 31, 33, 39-60 
Sweating process of unhairing, 151-6 
Swelling of protein jellies, 98-123, 160, 

175-7, 268-9 

effect of 

neutral salts, 106-7, 122, 200, 202, 
268-9 

pH value, 98-114, 175-7 
polyvalent ions, 106, 108, 161 
family of curves of, 105 
rhythmic swelling, 116-8, 201, 241 
two points of minimum, 109-14, 175-7 
Syntans, 271, 319-20 
Synthesis of 
proteins, 66 
tannins, 214 

Tan liquors (see vegetable tan liquors) 
Tannase, 215 

Tanning, evolution of art of, 11-2 
Tanning extracts, manufacture of, 207- 
12 

Tanning with 
aldehydes, 318-9 
aluminum salts, 311-3 
bismuth salts, 316 
bromine, 316-7 
cerium salts, 316 
chlorine, 316-7 
chromium salts, 278-308 
colloidal dispersions, 316 
iron salts, 313-4 
oils, 317-8 
quinones, 318-9 
silicic acid, 315 
sulfite cellulose, 321 
sulfur, 316 
syntans, 319-20 

vegetable tanning materials, 240-77 
Tannins, 204, 213-39 
amorphous, 215 
catechol, 204, 215 
definition of, 215-6 
determination of, 217-31 
electrical charge on, 231-3 
formation from nontannin, 226 
gelatin-salt test for, 216-7 
isoelectric points of, 233 
mordanting chrome leather with, 329 
oxidation of, 209-10, 215 
phloroglucin, 215 
precipitation of, 209-11, 233-9 
purification of, 214 
pyrogallol, 204, 215 
qualitative tests for, 205, 216-7 
synthesis of, 214 

Tartaric acid, ionization of, 78, 85 
Tensile strength, effect of grease upon, 

324 
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Thermostat layer of skin, 31, 39-64 
horizontal sections of, 44, 45, 46, 47 
vertical sections of, 41, 153, 159, 170, 
171, 192, 193. 194, 195 
Thrombase, 68, 172 
Thumb print, 38 

Titanium salts in mordanting leather, 

329 

Trimming, 142 
Trypsin (see pancreatin) 

Tryptophane, 66 

Tuberin, isoelectric point of, 108 
Tyrosine, 65, 70 

Ultrafiltration of chrome liquors, 307 
Unhairing with 
acids, 166 

ammonium hydroxide, 165 
arsenic disulfide, 157 
bacteria, 151-6, 162-3, 166 
calcium hydroxide, 156-60 
calcium sulfarsenite, 157 
enzymes, 166-72 
sodium hydroxide, 164 
sodium sulfide, 157, 164 
sweating, 151-6 

University, co-operation with industry, 
12-4 


Vacuum tanning, 270 
Valine, 65, 70 
Valonia, 206, 256 

Vapor pressure of gelatin dispersions, 
120 

Vegetable leather (see leather) 
Vegetable tan liquors, 
color value of, 208-10 
dialysis of, 233 

diffusion into protein jellies, 256-8 
electrophoresis of, 231-3 
oxidation of, 209-10 


Vegetable tan liquors, 
plumping of skin in, 268-9 
potential difference of, 231 3 
precipitation of, 209-11, 233-9 

Vegetable tanning, 240-77 
effect of concentration, 258-62 
neutral salts, 266-7 
nontannin, 257 
pH value, 262-5 
time, 258-62 
rate increased by 
electricity, 270-1 
hemi-celluloses, 270 
nontanniii, 241, 271 
sulfite cellulose, 271 
syntans, 271 
vacuum, 270 
theory of, 271-7 

Vegetable tanning materials, 204- 12 
classification, 204-5 
leaching of, 207 

effect of various electrolytes, 2 lo- 
ll 

sources, 205-7 

Veins, 33, 38 
vertical section of, 32 

Viscosity of gelatin dispersions, 112-3, 
120-3, 125-7 

\\'alrus leather, 243, 256 
vertical section of, 254 

Washing of limed skin, effect of lime 

of, 155 

Wattle bark, 206, 216, 225-39, 259-64 

Willow bark, 206 

Wool, photomicrograph of segment of, 
30 

Wool pulling, 138 

Zinc chloride, as a preventive of salt 
stains, 134 









